CY 


CA 
NU | DECEMBER 28, 2006 * VOLUME 57 * NUMBERS 25-38 


© 


PROCEEDINGS 


OF THE 


CALIFORNIA ACADEMY OF SCIENCES 
(Fourth Series) 


CALIFORNIA 


ACADEMY or SCIENCES 


FOUNDED 1853 


SAN FRANCISCO, CALIFORNIA 


J 
Copyright © 2006 by the California Academy of sRnces 
All rights reserved. No part of this publication may be reproduced or transmitted in any form or by any 
means, electronic or mechanical, including photocopying, recording, or any information storage or retrieval 
system, without permission in writing from the publisher. 


SCIENTIFIC PUBLICATIONS 


_ Alan E. Leviton, Ph.D., Editor 
Gary C. Williams, Ph.D., Associate Editor 
= Michael ‘T? Ghiselip, Ph.D., Associate Editor 
Michele L. Aldrich? Ph.D., Consulting Editor 
Hallie Brignall, M.A., Editorial Assistant 


COVER IMAGE 


Microcharmus variegatus sp. nov. 

Habitus of female holotype, showing typical pigmentation pattern. 
Drawing by Bernard Duhem, Muséum national d’Histoire naturelle, Paris. 
For further details, see Loureng¢o, Goodman, and Fisher, 
this issue, pp. 751—783 (esp. pp. 758). 


ISSN 0068-547X 


‘The Proceedings of the California rbcademy of Scéenceé accepts manuscripts for publication in the Natural 
Sciences that stress systematics and evolutionary biology and paleontology, biogeography, and biodiversity, also relat- 
ed areas in the Earth Sciences, such as biostratigraphy, regional and global tectonics as they relate to biogeography, 
and paleoclimatology, and topics in astrobiology, anthropology, as well as the history of science as they relate to insti- 
tutions of natural history, to individuals, and to activities, such as expeditions and explorations, in the natural sciences. 

Priority consideration will be given to manuscripts submitted by Academy staff and others who are affiliated with 
the research programs of the institution and/or manuscripts that include reference in part or in whole to Academy 
research collections or to Academy-sponsored expeditions. Others who do not meet the above criteria may submit 
manuscripts for consideration for publication on a space-available basis. 

Manuscripts accepted for publication are subject to page charges; charges may be waived on a case-by-case basis. 

Nore: All manuscripts submitted for publication in any of the Academy's scientific publication series 
(Proceedings, Occasional Papers, Memoirs) are subject to peer review. Peer review includes both internal and exter- 
nal review, internal review by at least one Academy scientist whose interests parallel those of the submission, and 
external review, ordinarily by two individuals who are recognized experts in the field. 


Published by the California Academy of Sciences 
875 Howard Street, San Francisco, California 94103 U.S.A. 


Printed in the United States of America by 
Allen Press Inc., Lawrence, Kansas 66044 


PROCEEDINGS OF THE CALIFGRNIA cet SCIENCES - : 
Fourth Series ZR VLHSONIZ Aj >. 


Volume 57, No. 25, pp. 739-750, 18 figs., 2 tables. anbecemp Ser 28, 2006 


LAKL 7 3 
Way 9) 


Jeremy A. Miller 
Department of Entomology, California Academy of Sciences, 875 Howard Street, 
San Francisco, California 94103, U.S.A.; Email: jmiller@ calacademy.org 


Web-sharing sociality and cooperative prey capture are reported for Scytodes 
socialis, sp. nov., a spitting spider discovered in a dry deciduous forest in Eastern 
Madagascar. Transect-based sampling was used to investigate colony demographics, 
estimate web volume and stratigraphic position, and assess density of colonies at the 
study site. The social system in S. socialis is compared to that of other non-territori- 
al social spiders where multiple juveniles and adults of both sexes live in colonies 
while maintaining an unbiased sex ratio. While this form of sociality is previously 
undocumented in Scytodidae, a variety of social systems is found within the family. 
With future advances in phylogeny, Scytodidae may become a useful system for 
studying the evolution of sociality including an independent test the ‘maternal care 
pathway” to sociality hypothesis. 


Cooperative behavior is known for a minute fraction of spider species. Yet various forms of 
sociality have evolved repeatedly in spiders (Avilés 1997). Two attributes are commonly used to 
classify spider sociality: territoriality and permanence (Avilés 1997; D’ Andrea 1987). Individuals 
either defend individual territories from colony mates or move freely throughout a colony of unag- 
gressive conspecifics, and social behavior either persists throughout the life of the spider or alter- 
nates with an obligate solitary phase. Permutations of all four conditions are known in spiders (see 
Avilés 1997 for review). Seasonal colonies of non-territorial individuals typically consist of extend- 
ed mother-to-offspring maternal care. Such spiders are referred to as subsocial. Territorial sociali- 
ty. whether periodic or permanent, is typically manifested by clusters of individuals within discrete 
webs connected to other webs in the colony. There is controversy over whether such spiders should 
be considered social at all because they are not cooperative (Agnarsson 2002, 2004; Kullmann 
1972). Non-territorial permanent social spiders are referred to as quasisocial. These include the best 
studied social spiders (e.g., Avilés 1994; Avilés and Maddison 1991; Johannesen and Lubin 2001; 
Lubin 1991, 1995; Riechert 1985; Roeloffs and Riechert 1988; Rowell and Avilés 1995; Seibt and 
Wickler 1988; Smith and Engel 1994). Most quasisocial spiders are highly inbred and exhibit a 
strongly female biased sex ratio (e.g., Avilés 1993; Avilés 1997; Avilés and Bukowski 2006; Avilés 
and Maddison 1991; Bilde et al. 2005; Lubin 1991; Riechert and Roeloffs 1993). 

Scytodids are best known for their ability to trap prey at a distance by expelling a mixture of 
venom and gluey silk from their chelicerae (Foelix 1985, 1996). Most scytodids are cursorial, 
although some species build webs. A small body of literature on sociality in Scytodidae documents 
two forms of sociality in the group: subsociality, involving extended maternal care (Eberhard 1986; 
Li 2002; Li et al. 1999; Li and Kuan 2006) and communal territorial web building (Bowden 1991; 
Bowden and Jackson 1988). 
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This paper describes a species of web-building scytodid where webs may contain multiple 
males, females, and juveniles. Multiple nest mates participate in the capture of large prey items. 
Participants and non-participant web mates were allowed to feed whether or not they participated 
in the hunt. No aggression between web mates was observed. The sex ratio among adults is unbi- 
ased. 


METHODS 


Scytodes socialis was studied at Forét de Kirindy field station, 46 km NE of Morondava 
(20°04.026’°S_ 44°39.434°E, 50 m elev.), a dry deciduous forest in Toliara province, eastern 
Madagascar, from 20-30 January, 2006. 

Sixteen 25 m transects were censused for Scytodes webs. The transects were randomly select- 
ed grid lines from two plots used primarily for mammal research. Eight transects were censused 
from each plot. The plots are approximately 1.6 km apart. All Scytodes webs found within 2.5 m to 
either side of the transect line and up to 2.75 m above the ground were collected into plastic bags. 
Collections included all colony members plus other arthropods, prey remains, exuvia, etc. 
Additional webs were collected under an unstructured sampling regime. 

The size of each web was measured in three dimensions to estimate volume. Corrections were 
made to compensate for extreme irregularities. The distance from the ground to the bottom of the 
web was recorded. 

The size of each individual collected during the structured sampling was assessed by measur- 
ing patella plus tibia I length and carapace length. Patella plus tibia length has been advocated as 
more useful for distinguishing instars than carapace length (Toft 1976) and has become the stan- 
dard in social spider literature (Agnarsson and Kuntner 2005; Avilés and Gelsey 1998; Avilés and 
Salazar 1999). The relationship between number of individuals in a web and its volume was ana- 
lyzed using linear regression. A regression was also run for web volume against the number of indi- 
viduals multiplied by patella-tibia length, as in Agnarsson and Kuntner (2005). 

Natural history observations were gathered from webs outside of the sample plots. Webs were 
selected for their size and accessibility, flagged during the day, and monitored over 5 nights for 3- 
4 hours beginning at dusk. 

TAXONOMY.— All measurements are in millimeters and were taken using a reticle in a Leica 
MZ12.5 dissecting microscope. Illustrations were rendered in Adobe Photoshop (version 6.0) based 
on digital photographs taken using a Nikon DXM 1200 digital camera mounted on a Leica MZ16 
dissecting microscope. Female genitalia were cleared in methyl! salicylate (Holm 1979) and slide 
mounted (Coddington 1983) for photography using a DXM 1200 digital camera mounted on a 
Leica DM4000 M; multiple images were combined using Auto-Montage (version 5.01). All speci- 
mens examined are deposited in the California Academy of Sciences (CAS). 


RESULTS 


Sixty-one colonies containing 230 Scytodes socialis (933, 862, 51 juveniles) were collected 
during the structured sampling (Fig. 1). With more adult males collected than females, these data 
clearly do not indicate a female-biased sex ratio. A ZY test confirms that the sex ratio is not signif- 
icantly different from 0.5 (p = 0.601). Transects from the two plots did not differ significantly in 
terms of number of webs (ANOVA test, p = 0.25) or individuals (p = 0.26). Webs in transects con- 
tained from | to 12 individuals; up to 16 individuals, including the unstructured samples. Prey 
remains found in webs included ants, roaches, and moths. 

Webs usually incorporate dead leaves and other debris as well as living leaves and branches 
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(Figs. 5-6). Mean web volume is estimated at 218.6 cm} (8.4x5.8x4.5 cm). Web size is a poor esti- 
mator of colony population based either on raw number of individuals (Fig. 2) or number of indi- 
viduals times a size index (patella-tibia length, not shown; see Agnarsson and Kuntner 2005). Both 
linear regressions are insignificant. 

Webs were concentrated above 1.25 m (Fig. 3). Colonies above the 2.75 m mark were observed 
but were not collected. Extrapolating from the area sampled during the structured sampling (sixteen 
25x5 m transects = (0.2 ha), the forest at Kirindy contains approximately 305 webs and 1150 indi- 
vidual S. socialis per hectare not including those above the 2.75 m mark. 

Females are larger than males (mean carapace length: female = 2.75 mm, male = 2.43 mm) but 
males have longer legs (mean patella plus tibia I: female = 4.55 mm, male = 5.35 mm). Using cara- 
pace length, juveniles appear to divide into two size classes, apparently representing the penulti- 
mate (~2.4 mm) and antepenultimate (~2.0 mm) instars (Fig. 4); a small number of individuals rep- 
resenting younger instars may also be present. The same pattern is not as clear using patella-tibia 
length (not shown). 
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Ficures 1+4. (1) Histogram showing mean proportion of males, females, and juveniles in webs of different population 
sizes and the number of webs found in each size class during structured sampling. (2) Web volume (cm3) as a function of 
colony population size for webs collected during structured sampling. (3) Histogram showing the stratigraphic distribution 
of webs collected during the structured sampling. (4) Carapace length (mm) histogram for all males, females, and juveniles 
collected during the structured sampling. 


NATURAL HISTORY 


PREY CAPTURE.— Several instances of cooperative prey capture were observed. On three sep- 
arate occasions, I observed two individuals participating in the capture of a relatively large prey 
item (moth or fly; Figs. 7-8). In all three cases, additional colony members eventually joined in the 
feeding. On another occasion, a moth was caught in a part of the web that was impossible to 
observe. At least two individuals that had been on the exterior part of the web moved to join in the 
feeding. No aggressive interactions among colony members were ever observed. Sex/maturity of 
hunters and feeders could not be determined in the field, but feeders, hunters, and prey remains 
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were collected at the end of an event. From this it is clear that mature males, mature females, and 
juveniles all participate in prey capture. Individuals were also observed with smaller prey items that 
they had apparently caught themselves and were not sharing with others (Fig. 9). In one instance, 
a single female individual attempted to capture a roach about twice her size. The roach became ten- 
uously entangled in silk. The spider appeared to administer a bite to the posterior section of the 
roach. She then began using her hind tarsi to comb silk over the roach (Fig. 10). The roach eventu- 
ally escaped. Note that none of her web-mates participated in the prey capture attempt. Roach 
remains of approximately the size of the escapee suggest that such prey are not beyond capabilities 
of these spiders, possibly when multiple individuals participate. Access to larger prey may be a 
driving force in the evolution of sociality (e.g., Nentwig 1985; Powers and Avilés 2003). 

The web plays an important role in prey capture. Spiders attack while prey are entangled and 
delayed by silk. Usually, prey are approached and bitten. Spitting seems to be reserved for more dif- 
ficult prey when biting fails. A third strategy is to face away from the prey and comb out silk with 
the fourth tarsi (Fig. 10). The web also seems to assist in prey capture by simultaneously alerting 
multiple individuals to the presence and location of potential prey. 

COURTSHIP AND MATING.— I observed two successful matings and one aborted courtship. 
Courtship consists of reciprocal leg I taps, mostly from the male as he approaches the female. 
Mating is venter to venter with both facing the same direction. Copulation takes about one to two 
minutes. It was not possible to observe individual insertions. 


DISCUSSION 


Observations were made over a period of 10 days allowing only a snapshot of the life cycle of 
Scytodes socialis. Most juveniles appeared to be either penultimate or antepenultimate (Fig. 4), sug- 
gesting synchronized phenology. Thirty-one of the 61 S. socialis webs observed during the struc- 
tured sampling consisted of S. socialis living in non-social situations, either a single individual (52, 
102, 1 juvenile) or a male-female pair (13). Some of these non-social stage collections may repre- 
sent dispersal or colony founding events. The degree of relatedness among nest mates in S. socialis 
has not yet been established. But given the unbiased sex ratio in this species, it would appear that 
dispersal is common. 

Only five egg cases were collected during this study, and they offer little in the way of hints 
about the life cycle S. socialis. Two egg cases were with solitary females, two were with male- 
female pairs; one egg case was in a colony with three males, one female, and one juvenile. Four S. 
socialis exuvia were also found in this last web, suggesting that spiders had been there for some 
time. 

SEx RATIO AND COLONY PERMANENCE.— The questions most relevant to compare S. socialis 
to the other social spiders concern colony permanence and whether one or more mothers contribute 
offspring to the colony. 

A female-biased sex ratio is a well-studied phenomenon among highly social spiders that is 
expected under conditions that favor inbred, strongly subdivided populations where colony growth 
rate and proliferation are under group selection (e.g., some species of Achaearanea, Agelena, 
Anelosimus, Stegodyphus, etc., see Avilés 1993, 1997; Avilés and Maddison 1991; Lubin 1991; 
Riechert and Roeloffs 1993). 

Scytodes socialis falls into a small class of social spiders where multiple juveniles and adults 
of both sexes coexist cooperatively while maintaining an unbiased sex ratio. These include the oxy- 
opid Tapinillus sp. (Avilés 1994), the sparassid Delena cancerides (Rowell and Avilés 1995), and 
the subsocial thomisid Diaea ergandros (Evans 1995). 


MILLER: SOCIAL BEHAVIOR IN MALAGASY SPITTING SPIDER 


FIGURES 5-10. Field photographs of Scytodes socialis. (S—6) Webs. (7) Two females feeding on a moth. (8) Males, 
females, and juveniles feeding on a fly. (9) Lone female feeding on a leafhopper. (10) Female using fourth tarsi to pull silk 
over roach. Scale bars: 5 = 30 mm; 6 = 20 mm; 7-10 = 5 mm. 
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Among the non-territorial permanent social (quasisocial) spiders, only Tapinillus sp. and 
Delena cancerides have an unbiased sex ratio (Avilés 1994, 1997; Rowell and Avilés 1995). 
Colonies of both species can consist of multiple juveniles and adults of both sexes. Outbreeding in 
Tapinillus is accomplished by dispersing males. So, colonies consist mostly of siblings plus a few 
immigrant males. Reproduction within colonies is apparently the result of mating between a single 
male-female pair. In spite of this reproductive monopolization, colonies may contain a few dozen 
spiders and one atypical web contained hundreds of individuals (Avilés 1994). 

Delena cancerides is the only permanent social spider that does not use a prey capture web. 
Although there is no aggression among colony mates, these spiders are unique among non-territo- 
rial social spiders in being extremely aggressive toward conspecifics from other colonies. Given 
this intercolony aggression, it is unclear how outbreeding is accomplished. Multiple females with- 
in the colony contribute offspring (Avilés 1997; Rowell and Avilés 1995). 

Unlike Tapinillus sp. and Delena cancerides, Diaea ergandros colonies are non-permanent. 
Whereas thomisids are not typical web-building spiders, social Diaea use silk in nest construction 
(Evans 1995; Main 1988; see also Jackson et al. 1995). Adult females disperse to establish new 
colonies after mating. Diaea ergandros are unique among subsocial spiders in that offspring con- 
tinue to cooperate through maturity. Subsocial spiders typically avoid inbreeding by dispersing 
before they reach sexual maturity (e.g., Avilés 1997; Brach 1977; Nentwig and Christenson 1986). 
In D. ergandros, males mature first, then disperse to other colonies; females mate with siblings or 
immigrants, then disperse to found new colonies (Avilés 1997; Evans 1995). It is interesting to note 
that two other social species of Diaea exhibit female sex ratio bias. In these species, mating takes 
place among siblings before dispersal (Avilés 1997; Evans 1995; Main 1988). 

How is S. socialis similar to or different from these outbred social spiders, especially with 
respect to colony permanence? For instance, Diaea ergandros is an atypical subsocial spider 
because its colonies persist beyond the maternal care phase into adulthood, yet there is a solitary 
phase as males disperse for mating and inseminated females disperse to found new colonies. There 
is no obligate solitary phase in either Tapinillus sp. or D. cancerides. Reproduction in colonies of 
Tapinillus sp. and D. ergandros is the product of a single female. The relatively small population 
size of S. socialis colonies suggests that colony members are the offspring of a single female 
founder. In fact, colony population size is small in S. socialis relative to both Tapinillus sp. and D. 
ergandros (Avilés 1994, 1997; Rowell and Avilés 1995). But more observations from across the 
phenological cycle will be required to determine whether sociality in S. socialis conforms better to 
the Tapinillus sp. model (permanent sociality) or the D. ergandros model (periodic sociality), or 
perhaps it differs from both of these in other important ways. 

EVOLUTION OF SOCIALITY.— Although sociality is often discussed in terms of discrete class- 
es, it is really a continuum of behaviors involving increasing levels of maternal investment in off- 
spring and conspecific tolerance (Agnarsson 2002, 2004; Avilés 1997; Kullmann 1972; Shear 
1970). Subsociality and quasisociality can gradually evolve by extension of maternal care to older 
and older offspring. This is known as the “maternal care pathway” to sociality, and it predicts that 
subsociality should precede quasisociality on a phylogenetic tree (Agnarsson 2002, 2004; Avilés 
1997). Recent phylogenetic analyses of Theridiidae are consistent with the “maternal care pathway” 
(Agnarsson 2002, 2004; Arnedo et al. 2004; Miller and Agnarsson 2005). 

The evolution of sociality is usually preceded by two adaptations: web building and maternal 
care (Agnarsson 2002; Avilés 1997: Shear 1970). With rare exceptions (e.g., Sparassidae, 
Thomisidae), sociality tends to occur within lineages where web building is the norm (e.g., 
Theridiidae, Eresidae, Agelenidae). Even social members of the typically cursorial family 
Oxyopidae have non-social congeners that build prey-capture webs (Avilés 1997; Griswold 1983; 
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Mora 1986). Sociality and web building in scytodids are both rare attributes, yet they seem to be 
tightly correlated. 

Expressions of sociality in Scytodidae are surprisingly diverse, including subsociality with 
extended maternal care (Eberhard 1986; Li 2002; Li et al. 1999; Li and Kuan 2006), a communal 
territorial species (Bowden 1991; Bowden and Jackson 1988), and the non-territorial multiple-adult 
species S. socialis. Scytodid colonies with males, females, and juveniles living together in webs 
have also been observed in South Africa. It is not known if observations of this phenomenon in the 
Blyde River Canyon region, Mpumalanga and Tonquani Gorge, Magaliesberg Mountains, 
Northwest Province represent one or two more species (Astri and John Leroy, pers. comm; I. 
Engelbrecht, pers. comm.). The Blyde River species at least is superficially not very similar to the 
Kirindy species, raising the possibility of multiple independent origins of non-territorial multiple- 
adult sociality in scytodids. Sociality is thought to have evolved multiple times within the eresid 
genus Stegodyphus (Kraus and Kraus 1988, 1990) and the theridiid genera Anelosimus (Agnarsson 
2006) and Achaearanea (Agnarsson et al., in press), so such a scenario is hardly unprecedented. 
Hence, Scytodidae may offer another independent opportunity within spiders to explore the associ- 
ation of sociality with putative social preadaptations such as maternal care and web building, and 
the consequences of sociality for mating system and sex ratio. The answers to these questions will 
depend on new advances in the study of scytodid natural history, phylogeny, and systematics. 


TAXONOMY 


Family Scytodidae Blackwall, 1864 
Genus Scytodes Latreille, 1804 


Scytodes socialis Miller, sp. nov. 
Figs. 11-18. 


ETYMOLOGyY.— Epithet socialis from the Latin, meaning companionable. 

MATERIAL EXAMINED.— Ho.ortyPe: MADAGASCAR: Toliara: Forét de Kirindy field station, 46 km NE 
Morondava, elev. 50 m, 20°04.026’S, 44°39.434’E, 20-30 January 2006, H. Wood, J. Miller, 1d (CAS). 
OTHER MATERIAL EXAMINED: Same locality as holotype: 178d 184? 98 juveniles in 109 vials (1 vial per 
colony; CAS). 

DIAGNOsIs.— Distinguished from Scytodes oswaldi Lenz 1891, the only scytodid previously 
known from Madagascar, by its smaller overall size and shorter legs (female S. oswaldi total length: 
5.5, legs I-IV: 9.5, 7.3, 5.3, 7.6; see Description below for measurements of S. socialis; see also 
Remarks). 

DESCRIPTION.— MALE (Holotype from Forét de Kirindy, Toliara, Madagascar): Carapace 
brown with dark markings (Fig. 11); abdomen light brown with pattern of dark obliquely transverse 
markings (Fig. 11). Legs light brown with dark markings; femora I-III with one ventral longitudi- 
nal stripe, femur IV with two ventral longitudinal stripes; tibiae and metatarsi with dorsal longitu- 
dinal stripe for proximal ~%4 of length, distal tip dark; tarsi without distinct markings. 

Palpal bulb 0.78 long, 0.29 wide at the base; basal part nearly spherical with an elongate, gen- 
tly tapering stalk; distal part narrows abruptly to a glossy black tip; no apophyses present (Figs. 15, 
16). Tip of cymbium with tight cluster of three strong prolateral macrosetae. 

Total length 5.70. Carapace 2.71 long, 2.04 wide; sternum 1.54 long, 1.03 wide; prosoma 1.94 
high; legs (see table top of next page). 

FEMALE (from Forét de Kirindy, Toliara, Madagascar): Markings as in male (Figs. 12—14). Tip 
of palpal tarsus with tight cluster of four strong prolateral mactosetae subtending the palpal claw. 


746 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Fourth Series, Volume 57, No. 25 


Leg I Leg Leg] LegIV _ Pedipalp 


Femur 4.76 3553 2.46 3.44 0.66 
Patella 0.62 0.59 0.63 0.65 0.25 
Tibia SIS 853) 2.20 3.29 0.41 
Metatarsus Vel 4.56 2.63 3.69 — 

Tarsus 1.04 0.82 0.65 0.75 0.76 
Total 18.69 13.03 8.57 11.82 2.08 


Vulva covered by oblong lightly sclerotized plate (Figs. 17-18). Duct leaves bursa ectally, 
curves mesally toward spermatheca (Fig 18). Pair of positioning plates located posterior to epigas- 
tric furrow (Fig. 17). Positioning plates striated, wider than long with longest axis obliquely trans- 
verse (Figs. 17-18). 

Total length 6.77. Carapace 2.95 long, 2.28 wide; sternum 1.58 long, 1.09 wide; prosoma 2.49 
high; legs: 

Keel eo shes Mi wikeerIVi sPedipalp 


Femur 3.78 2.99 2.07 2.98 0.61 
Patella 0.66 0.64 0.66 0.70 0.25 
Tibia 5.05 2.95 1.76 2.81 0.41 
Metatarsus 6.58 3.63 DDS 3.16 — 

Tarsus 0.89 0.76 0.61 0.73 0.62 
Total 17.96 10.97 7.35 10.38 1.89 


CHAETOTAXY: Tibiae I-III with two retrodorsal, one mediodorsal, two prodorsal trichobothria; 
tibia [TV with one additional prodorsal trichobothrium. Retrodorsal and mediodorsal trichobothria 
distal; one prosorsal trichobothrium distal, others proximal. Distal-most trichobothrium is 
mediodorsal; distal prodorsal trichobothrium positioned between retrodorsal trichobothria. 
Metatarsi with one trichobothrium near distal tip. Palpal tibia with three retrodorsal, one mediodor- 
sal, two (rarely three) prodorsal trichobothria. 

VARIATION.— FEMALE (n = 86): carapace length 2.3—3.2, patella-tibia I length 3.9-5.3; MALE 
(n = 93): carapace length 1.8—3.1, patella-tibia I length (4.1—6.7). 

DISTRIBUTION.— Known only from the type locality in western Madagascar. 

REMARKS.— One scytodid species was previously recorded from Madagascar: S. oswaldi from 
Nosy Be, known only from the female. I have not been able to obtain type material of S. oswaldi 
(probably destroyed) and it will be challenging to recognize S. oswaldi specimens based on the text 
description and figures alone. However, Lenz (1891) gives a table of measurements that can be used 
to separate S. oswaldi from S. socialis (see Diagnosis, above). Despite sustained arthropod collect- 
ing efforts spanning over 10 years by California Academy of Sciences personnel and collaborators, 
no additional specimens of S. socialis were found in the collection. However, a number of unde- 
scribed species have been collected that resemble S. socialis. 
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FiGures 11-18. Scytodes socialis. (11, 15-16) Male. (12-14, 17-18) Female. (11, 13) Habitus, dorsal. (12) Habitus, 
lateral. (13) Habitus, ventral. (15-16) Palp. (15) Prolateral. (16) Retrolateral. (17-18) Vulva. (17) Ventral. (18) Photograph 
of cleared vulva, dorsal. Scale bars: 11-14 = 1 mm; 15-18 = 0.2 mm. 
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A Reappraisal of the Geographical Distribution of the Endemic 
Family Microcharmidae Lourenco (Scorpiones) in Madagascar 
and Description of Eight New Species and Subspecies 
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We review aspects of the distributional patterns of Malagasy scorpions belonging to 
the endemic family Microcharmidae, genus Microcharmus, restricted to dry and wet 
forest formations in the northern and northwestern portions of the island. Here we 
describe six species new to science: M. bemaraha sp. nov., M. confluenciatus sp. nov., 
M. duhemi sp. nov., M. maculatus sp. nov., M. variegatus sp. nov., and M. violaceous 
sp. nov.; in addition to two new subspecies, M. pauliani ambre ssp. nov. and M. pau- 
liani namoroka ssp. nov. The distribution of these species is restricted across north- 
eastern Madagascar. The genus Ankaranocharmus Lourenco, 2004 is considered a 
junior synonym of the genus Microcharmus Lourenco, 1995. 


Key-Worps: Scorpion, Microcharmidae, Microcharmus, Madagascar, distribution pattern. 
Résumé 


Des aspects concernant les modeles de distribution des scorpions malgaches, appar- 
tenant a la famille des Microcharmidae et au genre Microcharmus, sont révisés. Les 
éléments de cette famille endémique sont distribués exclusivement dans des forma- 
tions forestiéres seches et humides dans les régions Nord et Nord-Ouest de Vile. Six 
nouvelles especes, ainsi que deux nouvelles sous-espéces sont décrites dans le présent 
travail : M. bemaraha sp. nov., M. confluenciatus sp. nov., M. duhemi sp. nov., M. 
maculatus sp. nov., M. variegatus sp. nov., M. violaceous sp. nov., M. pauliani ambre 
ssp. nov. et M. pauliani namoroka ssp. nov. Chacune des ces espéces présente une 
répartition trés limitée, dans des habitats allant de la forét humide a la forét seche. 
Le genre Ankaranocharmus Lourenco, 2004 est également considéré comme un syn- 
onyme du genre Microcharmus Lourenco, 1995. 


Mots-cLes: Scorpion, Microcharmidae, Microcharmus, Madagascar, modeéle de distribution. 


Soil scorpions are rare throughout their world distribution (Lourengo 2003, 2004, 2005). In 
Madagascar, the best-studied soil scorpions are represented by members of the endemic family 
Microcharmidae (Lourengo 1995, 1996, 1999). Microcharmus Lourenco was the first genus named 
in this family (Lourenco 1995), followed within a decade by two other genera: Neoprotobuthus 
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Lourenco and Ankaranocharmus Lourengo. To date, six species have been recognized in the genus 
Microcharmus (Appendix Table 1), but both Neoprotobuthus and Ankaranocharmus remain mono- 
typic. Despite the growing number of new genera and species of Microcharmidae in recent years, 
no synthesis of their biogeographic distribution has been available. The principal reason has been 
the scarcity of available specimens; the majority of species have been described on the basis of a 
single specimen. 

Dr. Brian L. Fisher (BLF), colleagues at the California Academy of Sciences, and a team of 
Malagasy field biologists have been conducting systematic invertebrate surveys at various sites 
across Madagascar since 2000. These inventories, which employ general hand collecting, pitfall 
traps, and various methods of soil litter extraction, have collected considerable numbers of 
Microcharmidae, specifically of the genus Microcharmus. The vast majority of specimens come 
from sites in the northern portion of the island. (See the diagnoses for the genus Microcharmus in 
a following section). Using this new material and associated morphological studies, we describe 
eight new taxa of Microcharmus from several different sites in the northern half of the island 
(Appendix Table 1; Fig. 1). 


MATERIAL AND METHODS 


Specimens in this study are based primarily on samples from pitfall traps and leaf litter extrac- 
tions. At each locality surveyed by the CAS inventory team, 50 pitfall traps were placed every 1-5 
m along a transect (see Fig. 2). Pitfall traps consisted of plastic containers with an internal top diam- 
eter of 11.5 cm by 7.5 cm deep, partly filled with 250 ml of water, two drops of concentrated (40%) 
formalin, and two drops of liquid soap. Each device was buried so that the rim was flush with the 
soil surface, and each was left in place for two days. An opaque plastic lid (roof) was placed approx- 
imately 40 mm above the trap and supported by a tripod brace of fine-gauge wire. 

The leaf litter samples involved establishing 50, | m° plots every 5 m along the transect line. 
Leaf litter inside each plot was collected and minced with a machete to disturb invertebrates with- 
in small twigs and decaying wood. The material was then sifted through a wire sieve with a 1 cm 
grid size to remove large organic or inorganic matter. (Fig. 3). Approximately 2 1 of sifted litter was 
taken from each | m? plot and the invertebrates extracted for a 48-hour period using mini-Winkler 
sacks (for a detailed discussion of the method, see Fisher 1999). 

Color and pigmentation are the most conspicuous external characters in scorpions, especially 
amongst buthoids. There are two important aspects to scorpion coloration. One is the color of the 
cuticle itself, which can vary from clear (transparent) to black. Among some scorpions, cuticle col- 
oration changes with age. Several species are variegated yellow as juveniles but turn black as they 
mature. A second type of coloration is due to the presence of sub-cuticular pigments, which form a 
variety of seemingly etched patterns over the body, pedipalps, and chelicerae. This second type of 
pigmentation does not normally change with age, but it can be masked by sclerification (Lourengo 
1983; Lourengo and Cloudsley-Thompson 1996). In the case of microbuthoid scorpions, color and 
pigmentation are useful characters for species identification, as they are among other scorpion gen- 
era such as Ananteris (Lourengo, 1982) and Tityobuthus (Lourenco, 1996). In the present study, the 
diagnosis and descriptions of the different new taxa were largely based on precise patterns of pig- 
mentation. 

Illustrations and measurements were produce using a Wild M5 stereo-microscope with draw- 
ing tube and ocular micrometer set at 25x. Measurements follow Stahnke (1970) and are given in 
mm. Trichobothrial notations follow Vachon (1974, 1975), and morphological terminology mostly 
follows Vachon (1952), Hjelle (1990), and Sissom (1990). Hemispermatophore terminology most- 
ly follows Lamoral (1979). Distributions of Microcharmus species were mapped on major biocli- 
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Figure la—e. Known distribution of Microcharmus species mapped on major bioclimatic zones (after Cornet 1974; see 
Schatz 2000). 
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matic zones (after Cornet 1974; see Schatz 


0 sabineae 
2000) using ESRI ArcMap 9 (ESRI 2004). e variegatus 
Specimens used in this current taxonomic revi- O violaceous 


sion come from the California Academy of 
Sciences, San Francisco (CAS) and Muséum 
national d’ Histoire naturelle, Paris (MNHN). 


TAXONOMIC TREATMENT | 


Diagnosis of the genus Microcharmus 
(Lourenco, 2002; see Figs. 4-21) 


Scorpions of small size, ranging from 8 to 
18 mm in total length. Carapace: anterior mar- 
gin with a weak concavity or almost straight; 
carinae and granulations generally very weak; 
furrows inconspicuous; median ocular tubercle 
distinctly located on the anterior third of the 
carapace (Fig. 4); three pairs of lateral eyes (in 
one case only two pairs). Sternum pentagonal 
(Figs. 8-9); one median carina moderate or 
sometimes weak in all tergites. Tergite VII pen- 
tacarinate. Pectines, generally moderate to 
small in size, although may be large in some 
taxa; the distal extremity or distal tooth is 
always rounded (diagnostic character); basal FiGurRE If (continued). Known distribution of Micro- 
middle lamellae of the pectines not dilated: ful- charmus species mapped on major bioclimatic zones (after 

: é Cornet 1974; see Schatz 2000). 

cra absent (Figs. 8-10). Images made with a 
scanning electron microscope show that the 
peg-shaped sensillae of the pectines have a rounded structure (diagnostic character) that is some- 
what bottle-shaped (Figs. 11—13). Most buthid groups, by comparison, have very short peg-shaped 
sensillae of a spatulateshape. Sternites have short, semi-oval spiracles (diagnostic character) (Fig. 
8); in a few species these are completely oval. Metasoma: all segments show strongly marked cari- 
nae (Fig. 5); in some species dorsal and latero-dorsal carinae of segments II to IV present one pos- 


FiGuRES 2-3. Field Methods. 2. Pitfall trapping in Parc National Tsingy de Bemaraha, Tombeau Vazimba, on the south 
bank of the Manambolo River, north of Andadoany. 3. Leaf litter sifting in Réserve spéciale de 1’ Ambre, 3.5 km SW of 
Sakaramy, at the foot of Montagne d’ Ambre. 
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terior spinoid granule. Telson 55 1800n 
with a very elongated pear- 
shaped structure, smooth with 
strong setation; aculeus short, 
weakly curved; subaculear tooth 
absent (Figs. 6—7). Cheliceral 
dentition characteristic of 
buthoid; fixed finger with two 
well-marked basal teeth; mov- 
able finger with external distal 
tooth shorter than internal distal 
tooth, and two very weak and 
sometimes fused basal teeth. 
Internal face of pedipalp patella 
has two to six spinoid granules; 
fixed and movable fingers of 
pedipalp chela has six to seven aaa $- _ ras 
almost linear rows of granules 
(Fig. 16); two accessory granules 
are present at the base of each 
row; the extremities of fixed and 
movable fingers include one long 
and sharp denticle (Fig. 17). 
Trichobothriotaxy; orthobothrio- 
taxy A-a@. Legs: tarsus with 
numerous fine ventrally-located ees 
median setae (Fig. 15). Pedal "Waa Lee 
spurs reduced in general; tibial 

spurs reduced to absent on leg III, 
and moderate to absent on leg IV 


460 100Km 


Ficures 4-7. Morphological characters of Microcharmus fisheri (male 
paratype). 4. Carapace and tergite I. 5. Metasomal segments I-IV, lateral aspect. 
6. Metasomal segment V and telson, lateral aspect. 7. Details of telson, lateral 
(Figs. 14-15). aspect, showing strongly marked setation. 

HEMISPERMATOPHORE: Two 
basic types of spermatophores or hemispermatophores have been initially defined for scorpions 
(Hjelle, 1990): flagelliform and lamelliform. The first type is typical of buthids, and while the sec- 
ond type is typical to all other scorpion families. Stockwell (1989) defined a third type, fusiform, 
restricted to the family Chaerilidae. The flagelliform type is defined by a rather long and thin trunk 
terminating in its distal portion by a long filament referred to as the flagellum (Figs. 18-20). The 
few studies carried out on the structure of the microcharmid hemispermatophore indicate that it is 
somewhat different from the typical flagelliform type. The trunk is somewhat elongated, but larger 
at its base; a truncal flexure is not clearly observed, and two structures (the small hook and the fla- 
gellum) appear to be absent from the distal portion (Fig. 21) (diagnostic character). Further studies 
are needed to define this kind of spermatophore conclusively, but preliminary work indicates that 
in these animals, spermatophores are rather simple. This suggests that the condition in 
Microcharmus could be the primitive form leading to the evolution of the different types. 
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FiGures 8-13. Morphological characters of Microcharmus fisheri (male paratype). 8. Ventral region showing sternum, 
genital operculum, pectines and sternite III. 9. Sternum and genital operculum, in detail. 10. Pecten with the distal extrem- 


ity or distal tooth rounded. 11. External surface of teeth with peg-shaped sensillae. 12—13. Peg-shaped sensillae, in detail, 
with their rounded structure. 
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Figures 14-17. Morphological characters of Micro- FiGuRES 18-21. Hemispermatophores. 18-20. Anan- 
charmus fisheri (male paratype). 14. Tarsus and tibia of leg fteris sabineae Lourengo, a typical micro buthid. 18. Typical 
IV, showing pedal and tibial spurs. 15. Tarsus of leg IV, flagelliform type. 19. Detail of the flagellum. 20. Detail of 
showing numerous fine median setae ventrally. 16. Pedipalp the hook. 21. Hemispermatophore of Microcharmus fisheri, 
chela movable finger with almost linear rows of granules. 17. showing absence of truncal flexure, flagellum and hook. 
Extremity of movable finger of pedipalp chela, showing 

accessory granules and sharp denticles. 
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Description of New Species and Subspecies 


Microcharmus variegatus Lourenco, Goodman, and Fisher, sp. nov. 
Figures 22—29, map figure le. 


TYPE MATERIAL.— MAapaacascar: Province d’Antsiranana: Forét d’Analabe (Sahaka), 30 km 72° 
ENE Daraina, 30 m, 13°05’00”S, 49°54’5’E, littoral forest, sifted litter, leaf mold, rotten wood, 27—29/X1/2003 
(B.L. Fisher et al.), 1 female holotype (CAS); 2 males, 4 female paratypes (CAS); Forét d’ Ampondrabe, 26.3 
km 10° NNE Daraina, 175 m, 12°58’12”S, 49°42’00’E, tropical dry forest, sifted litter, leaf mold, rotten wood, 
10/XI1/2003 (B. L. Fisher et al.), 1 female paratype (CAS); Forét de Bekaraoka, 6.8 km 60° ENE Daraina, 150 
m, 13°10’00’S, 49°42’36’E, tropical dry forest, sifted litter, leaf mold, rotten wood, 7/XII/2003 (B.L. Fisher 
et al.), 1 male, 1 female, 3 juvenile paratypes (MNHN); Forét de Binara, 7.5 km 230° SW Daraina, 375 m, 
13°15’18”S, 49°37’00”E, semi-deciduous tropical forest, pitfall trap, 1/XII/2003 (B.L. Fisher et al.), 2 male 
paratypes (MNHN); Forét de Binara, 7.5 km 230° SW Daraina, 375 m, 13°15’18”S, 49°37’00’E, semi-decid- 
uous tropical forest, sifted litter, leaf mold, rotten wood, 1/XII/2003 (B.L. Fisher et al.), 1 female paratype 
(CAS); Forét de Binara, 9.4 km 235° SW Daraina, 1100 m, 13°15’48”S, 49°36’00’E, montane rainforest, sift- 
ed litter mold, rotten wood, 5/XII/2003 (B.L. Fisher), | male paratype (CAS); Forét d’Antsahabe, 11.4 km 
275° W, Daraina, 550 m, 13°13’7”S, 49°33’4”E, tropical dry forest, sifted litter, leaf mold, rotten wood, 
12—14/XII/2003 (B.L. Fisher et al.), 1 male paratype (CAS). 
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ETYMOLOGY.— The specific 
name refers to the scorpion’s var- 
iegated pigmentation. 

DIAGNOSIS.— Scorpions of 
average size when compared with 
most species of the genus 
Microcharmus, up to 12.9 mm 
total length in males and 17.8 
mm in females (see morphomet- 
ric values). General coloration 
yellowish to reddish-yellow with 
variegated spots over the body 
and appendages. Carinae and 
granulations moderately marked 
on body and appendages. 

RELATIONSHIPS.— The new 
species can be readily distin- 
guished from all other species in 
the genus by intense, variegated 
pigmentation on the body and 
appendages that is especially 
marked ventrally and on the vesi- 
cle. 

DESCRIPTION (based on 
female holotype and one male 
paratype).— COLORATION: Basic- 
ally yellowish to reddish-yellow 
with dark variegated spots over FIGURE 22. Microcharmus variegatus sp. nov. Habitus of female holo- 
the body and appendages. Cara- type. showing typical pigmentation pattern. 
pace, tergites, metasomal seg- 
ments, and vesicle with variegated dark spots; pedipalp femur and patella intensely marked with 
dark spots except on zones where trichobothria are inserted; chela hand yellowish with minute dark 
spots; proximal two-thirds of fingers dark and the extremity yellowish; chelicerae yellowish with 
variegated spots on the lateral margins and base of the fingers; fingers and teeth yellowish with 
some dark spots; venter with variegated spots on coxapophysis, sternum, genital operculum, mid- 
dle basal lamella of pectines, and sternites; legs heavily spotted. 

MorRPHOLOGY: Carapace with moderate granulation; anterior margin with a weak concavity, 
almost straight. Carinae weak; furrows inconspicuous. Median ocular tubercle located distinctly on 
the anterior third of the carapace; median eyes separated by a little more than one ocular diameter. 
Three pairs of lateral eyes. Sternum pentagonal. Mesosoma: tergites with a thin but intense granu- 
lation. Median carina moderate in all tergites. Tergite VI pentacarinate. Venter: genital operculum 
divided longitudinally, each plate being more or less triangular in shape. Pectines moderate to 
small: pectinal tooth count 11-11 for female holotype (mode in paratypes 12-12 for males and 11- 
11 for females); basal middle lamellae of the pectines not dilated; fulcra absent. Sternites with some 
minor granulations, almost smooth, and with short semi-oval to semi-slit-like spiracles; VII with a 
few more granulations and vestigial carinae. Metasoma: segments I to II with ten carinae, crenu- 
late; segment IV with eight carinae and ventral carinae vestigial; intercarinal spaces weakly to mod- 


LOURENCO ET AL.: SCORPIONS OF THE FAMILY MICROCHARMIDAE V2 


FIGURES 23-24. Microcharmus variegatus sp. nov. Ventral aspect, showing typical pigmentation pattern of coxapoph- 
é plg 
42 


ysis, sternum, genital operculum, pectines, and sternites. 23. Male paratype. 24. Female holotype. 
erately granular. Segment V 
rounded with 5 carinae. Telson 
with a very elongated pear- 
shaped structure, smooth with 
strong setation; aculeus short and 
weakly curved; subaculear tooth 
absent. Cheliceral dentition char- 
acteristic of buthoid (Vachon 
1963); fixed finger with two 
strong basal teeth; movable fin- 
ger with two very weak but fused 
basal teeth; ventral aspect of both FIGURES 25—26. Microcharmus variegatus sp. nov. Chelicera with typical 
finger and manus with dense. Pigmentation pattern. 25. Female holotype. 26. Male paratype. 


25 26 


Ads 


long setae. Pedipalps: femur pen- 
tacarinate; patella with vestigial carinae; internal face of patella with four to five spinoid granules; 
chela without carinae, smooth; all faces weakly granular to smooth. Fixed and movable fingers with 
almost seven linear rows of granules; two accessory granules present at the base of each row; 
extremity of fixed and movable fingers with one long and sharp denticle. Trichobothriotaxy; 
orthobothriotaxy A-@ (Vachon 1974, 1975). Legs: tarsus with very numerous fine ventral median 
setae. Pedal spurs reduced; tibial spurs moderate on legs HI and IV. 

MORPHOMETRIC MEASUREMENTS (IN MM) OF THE MALE PARATYPE AND FEMALE HOLOTYPE: Total 
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length, 12.80/16.40. Carapace: length, 1.56/2.14; anterior width, 0.99/1.56; posterior width, 
1.53/2.38. Metasomal segment I: length, 0.90/1.06; width, 0.93/1.38. Metasomal segment V: length, 
2.61/3.01; width, 0.78/1.07; depth, 0.79/1.12. Vesicle: width, 0.44/0.74; depth, 0.39/0.70. Pedipalp: 
femur length, 1.20/1.80, width, 0.41/0.69; patella length, 1.54/2.32, width, 0.60/0.94; chela length, 
1.99/3.24, width, 0.43/0.74, depth, 0.45/0.73; movable finger length, 1.53/2.18. 

DISTRIBUTION AND ECOLO- 
Gy.—On the basis of current 
information, Microcharmus var- 
iegatus 1s limited to the north- 
eastern portion of Madagascar, 
specifically to forests surround- 
ing the village of Daraina. It has 
been found at several different 
localities within this area, ina nat- 
ural habitats ranging from the 
lowland dry forest at Ampon- 
drabe at 175m to the montane 
forest of Binara at 1100 m. 

The Loky-Manambato area, 
formerly known as the Daraina 
region, includes a considerable 
range of natural forest habitats 
within a geographically limited 
region; 1t has been severely frag- 
mented and degraded due to 
human activities. Topography, 
orography, and geology are 
important factors dictating the 
natural vegetation of the remain- 
ing forests (Gautier et al. 2006). 
Floristically, the Forét de 
Bekaraoka consists of dry forest: 
it receives virtually no rain dur- 
ing a substantial portion of the FIGURES 27-29. Microcharmus variegatus sp. nov., female holotype. 27. 


year, and the vast majority of Pedipalp showing trichobothrial pattern. 28. Idem, Patella, external aspect. 29. 
trees lose their leaves. Soil leaf Pedipalp chela movable finger with almost linear rows of granules. 


litter at this site is notably 

reduced and there is little organic matter in the upper soil layer. On the slopes of Mount Binara, the 
ecology shifts dramatically over a relatively short distance and change in elevation. The lowest- 
lying forest (best classified as semi-deciduous tropical) grows at around 375 m, where there are per- 
manently flowing streams and moderate levels of soil leaf litter, while the summit zone at around 
1100 m is dominated by distinctly eastern montane rainforest and soil litters with extensive organ- 
ic matter. The majority of specimens of M. variegatus came from the leaf litter samples. 

The CAS field inventory team has visited several littoral forests in Madagascar to conduct 
invertebrate surveys using parallel sampling techniques. These sites include (from north to south): 
Analabe Forest (Lac Sahaka) north of Vohémar: Ambondrobe Forest south of Vohémar; Tampolo 
Forest along the Masoala Peninsula; Ambohidena Forest on Isle Sainte Marie; Mandrisy Forest 
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south of Antanambe; Tampolo Forest north of Fénérive-Sud; Sainte. Luce (Manafiafy) and 
Mandena north of Tolagnaro; and Petriky to the west of Tolagnaro. Analabe is the only littoral for- 
est where an example of Microcharmus has been found. 

Given the variety of forest types where Microcharmus variegatus has been recorded, this genus 
does not appear sensitive to differences in habitat within the Loky-Manambato region. Rather, some 
aspect of geologic history likely limited the range of this microendemic. Just to the south of the 
Loky-Manambato region, a band of humid forests known as the Northern Highlands links the east 
and west coasts and pass across the mountainous Marojejy, Anjanaharibe-Sud, Tsaratanana, and 
Manongarivo regions. Endemic Microcharmus scorpion species have been recorded at most of 
these sites (Appendix Table 2). Further to the north and west are areas with exposed sedimentary 
rock, including the east-west aligned Andrafiamena Mountains. that form a precipitous wall, and 
distinctly drier climates (Goodman and Wilmé 2006). Madagascar as a whole experienced remark- 
able vegetation shifts during the Quaternary that were associated with changes in climatic patterns 
(Burney 1997): these vegetation changes were accentuated in montane regions. Given the geo- 
graphic proximity of this transitional zone to the Northern Highlands, southern lowland humid 
forests, and northern and western dry deciduous forests, we assume that the forests of the Loky- 
Manambato region have served as an important zone of biotic exchange. As a result of this recent 
geologic history, Loky-Manambato has a remarkable regional mixture of both eastern and western 
fauna and flora (Goodman and Wilmé 2006), including several other endemic scorpion species 
(Lourenco and Goodman 2002, 2006a; Lourenco et al. 2004). 


Microcharmus duhemi Lourenco, Goodman, and Fisher, sp. nov. 
Figures 30-33, map figure 1b. 


TYPE MATERIAL.— MapbaaGascar: Province d’Antsiranana: Montagne des Frangais, 7.2 km 142° SE 
Antsiranana (Diégo Suarez), 180 m, 12°19’22”S, 49°20'17’E, tropical dry forest, sifted litter, 22-28/II/2001 
(B.L. Fisher & C. Griswold et al.), 1 male holotype (CAS), 3 female paratypes (2 CAS; | MNHN). 

ETYMOLOGy.— Patronym in honor of Bernard Duhem, Muséum national d’ Histoire naturelle, 
Paris, who prepared the illustrations for this paper. 

DIAGNOsIs.— Scorpions of average size when compared with most species of the genus, up to 
14.6 mm in total length in males and 17.6 mm in females (see morphometric values). General col- 
oration yellowish, with brownish spots over the carapace, tergites and appendages; spots on meta- 
soma very diffuse, and absent from ventral aspect and from the vesicle. Carinae and granulations 
are moderate on body and appendages. 

RELATIONSHIPS.— The new species is readily distinguished from all other species of the genus 
Microcharmus by (i) much paler, yellowish coloration with moderately to weakly marked spots on 
body and appendages; and (ii) the ventral aspect lacks spots in males and is only diffuseon the ster- 
nites of females. 

DESCRIPTION (based on male holotype and one female paratype).— COLORATION: Yellowish to 
pale yellow, with brownish spots over carapace, tergites, and appendages. Carapace, pedipalps, and 
legs with variegated brownish spots; tergites with four longitudinal brownish stripes; metasomal 
segments I to V with some diffuse spots; spots on ventral aspect of segments IV toV more intense- 
ly marked. Venter without spots on males and diffuse spots on sternites IV to VII of females; the 
entire surface of the chelicera covered with variegated spots. 

MorPHOLOGyY: Carapace with moderately marked granulation; anterior margin with a weak 
concavity. Carinae weak to obsolete; furrows inconspicuous. Median ocular tubercle distinct on the 
anterior third of the carapace; median eyes separated by one ocular diameter. Three pairs of lateral 
eyes. Sternum pentagonal. Mesosoma: tergites moderately to weakly granular. Median carina mod- 
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FIGURES 30-32. Microcharmus duhemi sp. nov. Male holotype. Pigmentation pattern. 30. Carapace and chelicerae. 31. 
Pedipalp, dorsal aspect. 32. Metasomal segment V and telson, lateral aspect. 


erate in all tergites. Tergite VII pentacarinate. 
Venter: genital operculum divided longitudinal- 
ly, each plate more or less triangular in shape. 
Pectines large: pectinal tooth count 13—14 for 
male holotype (mode 12-12 for female 
paratypes); basal middle lamellae of the 
pectines not dilated; fulcra absent. Sternites 
smooth with short semi-oval to semi-slitlike 
spiracles; VII with a few granulations and ves- 
tigial carinae. Metasoma: segments I to IV with 
ten carinae, crenulate; ventral carinae moderate 
on segments II to IV; intercarinal spaces mod- 
erately to weakly granular. Segment V rounded 
with five carinae. Telson with a very elongated, 
pear-shaped structure, smooth with strong seta- 
tion; aculeus short, weakly curved; subaculear 
tooth absent. Cheliceral dentition characteristic 
of buthoids (Vachon 1963); fixed finger with 
two strong basal teeth; movable finger with two 
very weak and fused basal teeth; ventral aspect 
of both finger and manus with dense, long 


> 


setae. Pedipalps: femur pentacarinate; patella FIGURE 33. Microcharmus duhemi sp. nov. Male holo- 
type. Ventral aspect, showing coxapophysis, sternum, genital 
operculum, pectines, and sternites. 


with some vestigial carinae; internal face of 
patella with three to four spinoid granules; 
chela smooth; all faces weakly granular to smooth. Fixed and movable fingers with seven almost 
linear rows of granules; two accessory granules present at the base of each row; extremity of fixed 
and movable fingers with one long, sharp denticle. Trichobothriotaxy; orthobothriotaxy A-a@ 
(Vachon 1974, 1975). Legs: tarsus with very numerous fine median setae ventrally. Pedal spurs 
reduced; tibial spurs absent on leg III, reduced on leg IV. 

MORPHOMETRIC MEASUREMENTS (IN MM) OF THE MALE HOLOTYPE AND FEMALE PARATYPE: Total 
length, 14.60/17.60. Carapace: length, 1.82/2.20; anterior width, 1.24/1.56; posterior width, 
1.79/2.25. Metasomal segment I: length, 1.04/1.16; width, 1.11/1.39. Metasomal segment V: length, 
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2.58/3.07; width, 0.94/1.09; depth, 0.97/1.13. Vesicle: width, 0.74/0.74; depth, 0.74/0.75. Pedipalp: 
femur length, 1.59/1.94, width, 0.51/0.70; patella length, 1.94/2.37, width, 0.72/0.91; chela length, 
2.58/3.35, width, 0.57/0.74, depth, 0.56/0.76; movable finger length, 1.74/2.33. 

DISTRIBUTION AND ECOLOGY.— The single collection site for this new species is from 
Montagne des Frangais, an isolated, relatively dry limestone massif in close proximity to the town 
of Antsiranana (Fig. 34, 35). Much of the massif is sparsely vegetated with tropical dry forest, large- 
ly deciduous, along often precipitous cliff faces and on its upper plateau. The zone receives little 
annual rainfall, has a very pronounced dry season, and offers few permanent water sources. Soil leaf 
litter is sparse within the remaining areas of forest, although all four specimens of this new taxon 
were collected in leaf litter samples. The north-facing slope is grazed heavily by cattle and the 
plateau is under pressure from firewood collection and some charcoal production. 


looking across the Antsiranana bay towards Ramena. 35 (right). The calcareous substrates of the plateau are drier than the 
shaded crevices filled with pockets of litter. 


Just to the northeast of the Montagne des Frangais is the Orangea region, which is marked by 
dry deciduous thicket growing atop a sandy substrate. The region also features at least one other 
unique microendemic species of Microcharmus (see next description). To the south of the 
Montagne des Francais is a largely continuous zone of exposed limestone passing through the 
region of Analamerana to the Andrafiamena Mountains. The CAS field team conducted a biologi- 
cal inventory of Analamerana in 2004, but found no Microcharmus scorpion. To the south of the 
Andrafiamena Mountains, there is a notable shift in geology in the Loky-Manambato region, which 
is within the range of M. variegatus. 

The description of M. duhemi adds to the growing number of endemic animals and plants 
known from the Montagne des Frangais (e.g., Baum 1995; Glaw et al. 2005), as well as scorpions 
(Lourenco and Goodman 2006b). 


Microcharmus maculatus Lourenco, Goodman, and Fisher, sp. nov. 
Figures 36-38, map figure Ic. 


TYPE MATERIAL.— Mapaacascar: Province d’Antsiranana: Forét d’Orangea, 3.6 km 128° SE 
Ramena, 90 m, 12°15’32”S, 49°22’29”’E, dry deciduous thicket, pitfall trap, 22—28/II/2001 (B.L. Fisher & C. 
Griswold et al.), 1 female holotype (CAS); Forét d’Orangea, 3.6 km 128° SE Ramena, 90 m, 12°15’32”S, 
49°22’29’E, dry deciduous thicket, 22—28/II/2001 (L.J. Boutin), 1 male paratype (MNHN). 

ETYMOLOGY.— The specific name refers to the dark, heavily spotted pigmentation of the new 
species. 

DIAGNOsIS.— Scorpions of small size when compared with most species of the genus, up to 
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36 37 | 38 


FIGURES 36-38. Microcharmus maculatus sp. nov. Female holotype. Pigmentation pattern. 36. Carapace and chelicer- 
ae. 37. Pedipalp, dorsal aspect. 38. Metasomal segment V and telson, lateral aspect. 


10.6 mm in total length in males and 13.8 mm in females (see morphometric values). General col- 
oration dark reddish-yellow, with blackish spots over the body and appendages, spotting pattern less 
marked on metasoma. Carinae and granulations moderately marked on body and appendages. 

RELATIONSHIPS.— The new species is readily distinguished from all other species in the genus 
Microcharmus by (i) a smaller overall size; and (11) strongly marked blackish pigmentation on body 
and appendages. 

DESCRIPTION (based on female holotype and male paratype).— COLORATION: Basically dark 
reddish-yellow with blackish spots over the body and appendages; spots less marked on metasomal 
segments; vesicle without spots. Carapace, tergites, pedipalps, and legs with very dense variegated 
blackish spots; metasomal segments paler than carapace, yellowish with diffuse spots. Venter heav- 
ily spotted on coxapophysis, sternum, genital operculum, and sternites; pectines with only two 
minute diffuse spots; chelicera yellowish with variegated spots over the entire surface. 

MorRPHOLOGY: Carapace with a moderately marked granulation; anterior margin with a very 
weak concavity, almost straight. Carinae weak; furrows inconspicuous. Median ocular tubercle dis- 
tinctly on the anterior third of the carapace; median eyes separated by one ocular diameter. Three 
pairs of lateral eyes. Sternum pentagonal. Mesosoma: tergites moderately to weakly granular. 
Median carina moderate in all tergites. Tergite VII pentacarinate. Venter: genital operculum divid- 
ed longitudinally, each plate more or less triangular in shape. Pectines large: pectinal tooth count 
12-12 in male paratype and 10-10 in female holotype; basal middle lamellae of the pectines not 
dilated; fulcra absent. Sternites smooth with short semi-oval to semi-slitlike spiracles; VIL with a 
few granulations and vestigial carinae. Metasoma: segments I to III with ten carinae, crenulate; [V 
with eight carinae; ventral carinae vestigial on segments III-IV; intercarinal spaces weakly granu- 
lar. Segment V rounded with five carinae. Telson with a very elongated pear-shaped structure, 
smooth with strong setation; aculeus short, weakly curved; subaculear tooth absent. Cheliceral den- 
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tition characteristic of the buthoids (Vachon 1963); fixed finger with two moderate basal teeth; 
movable finger with two very weak and almost fused basal teeth; ventral aspect of both finger and 
manus with dense, long setae. Pedipalps: femur pentacarinate; patella with some vestigial carinae; 
internal face of patella with three to four weakly spinoid granules; chela smooth; all faces weakly 
granular to smooth. Fixed and movable fingers with seven almost linear rows of granules; two 
accessory granules present at the base of each row; extremity of fixed and movable fingers with one 
long, sharp denticle. Trichobothriotaxy; orthobothriotaxy A-a (Vachon 1974, 1975). Legs: tarsus 
with very numerous fine median setae ventrally. Pedal spurs reduced; tibial spurs absent on leg III, 
very reduced or absent on leg IV. 

MORPHOMETRIC MEASUREMENTS (IN MM) OF THE MALE PARATYPE AND FEMALE HOLOTYPE: Total 
length, 10.60/13.80. Carapace: length, 1.32/1.63; anterior width, 0.97/1.03; posterior width, 
1.37/1.66. Metasomal segment I: length, 0.72/0.82; width, 0.81/1.00. Metasomal segment V: length, 
1.74/1.94; width, 0.74/075; depth, 0.64/0.74. Vesicle: width, 0.51/0.52; depth, 0.47/0.49. Pedipalp: 
femur length, 1.09/1.33, width, 0.38/0.43; patella length, 1.32/1.57, width, 0.51/0.59; chela length, 
1.82/2.28, width, 0.41/0.48, depth, 0.38/0.47; movable finger length, 1.22/1.58. 

DISTRIBUTION AND ECOLOGY.—Micro- 
charmus maculatus is known from two speci- 
mens, both collected in the Forét d’Orangea in 
the extreme north of the island. One of the 
specimens was obtained in a pitfall trap and the 
other by an undesignated method. The site has 
a degraded formation of dry deciduous thicket 
resting on sandy soils (Fig. 39) that is located 
relatively close to the sea, with little surface lit- 
ter and reduced levels of organic matter. Even 
though the natural forest formation has suffered [i ‘a o - 
considerably from human-induced habitat FiGuRE 39. As seen in this February 2001 photo, the 
decradation. it still contains interesting inverte- Forét d’Orangea still had a few larger trees emerging above 

a ae the sublittoral thicket. 
brates such as M. maculatus and a wide assort- 
ment of plants endemic to the region (Baum 1995; Bardot-Vaucoulon 2001; La Croix et al. 2002; 
Miller 2002). This forest deserves protection and will continue to degrade and eventually disappear 
unless conservation efforts commence in the very near future. 


Microcharmus bemaraha Lourenco, Goodman, and Fisher, sp. nov. 
Figure 40; map figure la. 


TYPE MATERIAL.— Madagascar: Province de Mahajanga: Parc National Tsingy de Bemaraha, 10.6 
km 123° ESE Antsalova, Andranopasazy, 150 m, 19°42’34”S, 44°43’5”E, tropical dry forest on tsingy, sifted 
litter, leaf mold, rotten wood, 16—20/XI/2001 (B.L. Fisher et al.), 1 female paratype (MNHN); Parc National 
Tsingy de Bemaraha, 3.4 km 93° E Bekopaka, Tombeau Vazimba, 50 m, 19°8’31”S, 44°49’41”E, tropical dry 
forest, sifted litter, 6—10/XI/2001 (B.L. Fisher & C. Griswold et al.), 1 female holotype (CAS). 

ETYMOLOGY.— The specific name refers to the type locality of the new species. 

DIAGNOsIS.— Scorpions of average size when compared with most species of the genus, up to 
16.4 mm in total length for females (see morphometric values). General coloration yellowish with 
dark variegated spots over the body and appendages. Carinae and granulations moderately marked 
on body and appendages. 

RELATIONSHIPS.— The new species can be readily distinguished from all other species of the 
genus Microcharmus by (i) a paler general coloration and a less intense pigmentation pattern; and 
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(ii) the lack of pigmentation at the point of 
articulation of the dorsal trichobothria d,, d; 


and d, of the femur. 


DESCRIPTION (based on female holo- 
type).— COLORATION: Basically yellowish with 
dark variegated spots over the body and 
appendages. Carapace, pedipalps, and legs with 
variegated dark spots; chela hand yellowish; 
tergites with four approximately longitudinal 
dark stripes; the two central strips more or less 
fused; metasomal segments I to V densely spot- 
ted; carinae more intensely pigmented. Venter 
moderately spotted; coxapophysis with diffused 
spots; sternum, genital operculum, and basal 
middle lamellae of pectines with conspicuous 
spots; sternites with four longitudinal dark 
spots; the most central more or less fused; che- 
licerae yellowish with a dark variegated spots 
covering the entire surface. 

MorPHOLOGY: Carapace with weakly to 
moderately marked granulation; anterior mar- 
gin with a very weak concavity, almost straight. 
Carinae weak; furrows inconspicuous. Median 
ocular tubercle distinctly on the anterior third 
of the carapace; median eyes separated by one 
ocular diameter. Three pairs of lateral eyes. Sternum pentagonal. Mesosoma: tergites moderately 
granular. Median carina moderate in all tergites. Tergite VII pentacarinate. Venter: genital opercu- 
lum divided longitudinally, each plate more or less triangular in shape. Pectines moderate: pectinal 
tooth count 10-11 in female holotype, 11-12 in female paratype; basal middle lamellae of the 
pectines not dilated; fulcra absent. Sternites smooth with short semi-oval to semi-slitlike spiracles; 
VII with a few granulations and vestigial carinae. Metasoma: segments I to III with 10 carinae, 
crenulate; segment IV with eight carinae, ventral carinae less marked on segment IV; dorsal and lat- 
ero-dorsal carinae of segments II to [V with a posterior spinoid granule; intercarinal spaces weak- 
ly granular. Segment V rounded with five vestigial carinae. Telson with a very elongated pear- 
shaped structure, smooth with strong setation; aculeus short, weakly curved; subaculear tooth 
absent. Cheliceral dentition characteristic of the buthoids (Vachon 1963); fixed finger with two 
moderate basal teeth; movable finger with two very weak, almost fused basal teeth; ventral aspect 
of both finger and manus with dense, long setae. Pedipalps: femur pentacarinate; patella vestigial 
Carinae; internal face of patella with four to five spinoid granules; chela smooth; all faces moder- 
ately to weakly granular. Fixed and movable fingers with seven almost linear rows of granules; two 
accessory granules present at the base of each row; extremity of fixed and movable fingers with one 
long, sharp denticle. Trichobothriotaxy; orthobothriotaxy A-@ (Vachon 1974, 1975). Legs: tarsus 
with very numerous fine median setae ventrally. Pedal spurs reduced; tibial spurs absent on leg III, 
reduced on leg IV. 

MORPHOMETRIC MEASUREMENTS (in mm) of the female holotype: Total length, 16.40. Carapace: 
length, 2.03; anterior width, 1.34; posterior width, 2.06. Metasomal segment I: length, 0.97; width, 
1.19. Metasomal segment V: length, 2.66; width, 1.03; depth, 1.03. Vesicle: width, 0.72; depth, 


FiGures 40. Microcharmus bemaraha sp. nov. Female 
holotype. Pigmentation pattern of pedipalps, dorsal aspect. 
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0.69. Pedipalp: femur length, 1.82, width, 0.62: patella length, 2.22, width, 0.80; chela length, 3.07, 
width, 0.69, depth, 0.63; movable finger length, 2.22. 

DISTRIBUTION AND ECOLOGY.— Microcharmus bemaraha is known from two sites, both with- 
in the Pare National de Bemaraha (Fig. 41-43) and approximately 64 km from one another. The 
Tombeau Vazimba site is to the south of the Manambolo River, which traverses the Bemaraha with- 
in a deep canyon system incised by water, with walls reaching up to 400 m high above the river 
level. The second site is at least 60 km to the north of this river. Hence, the river does not appear to 
have been a barrier for dispersal in this scorpion. Both specimens were obtained from sifted leaf lit- 
ter. 

The Bemaraha Plateau consists of a mid-Jurassic limestone deposit over 200 km long that was 
uplifted approximately 6 million years ago. Sections of the massif where the limestone has few 
impurities have been eroded into a remarkable array of sculpted forms, including jagged pinnacles 
known in Malagasy as fsingy. 

The local climate has a very pronounced dry season (April to October) with little to virtually 
no rainfall, and a rainy season (November to March), when the majority of the annual 1000 to 1500 
mm of precipitation falls. Deep canyons and crevasses provide extensive shade. 

The zone holds several distinctive forest types, which include dense dry deciduous and semi- 
deciduous forests (Rabarison 2000), and show considerable levels of plant and animal endemism 
(Rajeriarison et al. 2000; Rasoloarison and Paquier 2003). Much of the local biota shows remark- 
able adaptations to the extended dry periods and intensive solar radiation. In most portions of the 
forest there is limited soil litter, although the deep shaded canyons and eroded rock structures could 
provide an array of relatively moist sites for invertebrates such as scorpions. 


PRES a et 
FiGuRES 41-42. Pare National Tsingy de Bemaraha. 41. Looking to the north bank along the Manambolo River towards 
the Tombeau Vazimba. 42 Leaf litter ““mini-Winkler” extractors at work near the Tombeau Vazimba. 
Ficure 43. Charcoal preparation in Parc National Tsingy de Bemaraha on the trail from Bekopaka to Ankidrodroa. 
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To the north of the Bemaraha are several other isolated zones of limestone. The CAS survey 
team has inventoried two of these sites. These include the Namoroka Massif, about 300 km to the 
north of the Andranopasazy site in Bemaraha, and the Ankarana Massif, an additional 565 km north 
of Namoroka; both have endemic Microcharmus (see below). To the south of Bemaraha there are 
several large limestone massifs. These include the Mahafaly Plateau, which has been extensively 
surveyed by the CAS field team. No evidence of the genus Microcharmus has been found there, but 
rather another genus of soil-dwelling Buthidae, Pseudouroplectes (Lourengo and Goodman, 2006). 


Microcharmus pauliani pauliani (Lourenco, 2004) 
Figure 44, map figure Id. 


= Ankaranocharmus pauliani: Lourengo, 2004: pp: 79. 
See description in Lourengo (2004). 


Based on the study of a large series of Microcharmus from the Pare National d’ Ankarana and 
nearby regions, we conclude that the genus Ankaranocharmus is best considered a synonym of 
Microcharmus. The former genus was named from a single specimen and not diagnosed properly. 

The diagnostic characters used to define Ankaranocharmus were: Spiracles short but almost 
semi-slit-like. Distal tooth of pectines less rounded than in other microcharmids. Peg-shaped sen- 
sillae equally rounded, but their bottle shape isless pronounced and their overall size smaller than 
those of Microcharmus. The present study, however, shows that the single specimen used in the 
diagnoses of the genus was somewhat atypical. 


Microcharmus pauliani namoroka Lourenco, Goodman, and Fisher, ssp. nov. 
Figure 45, map figure Id. 


TYPE MATERIAL.— MapbaGascar: Province de Mahajanga: Parc National de Namoroka, 9.8 km 300° 
WNW Vilanandro, Ambovonaomby, 140 m, 16°28’00’S, 45°21’00’E, tropical dry forest, sifted litter, 
4—8/X1/2002 (B.L. Fisher & C. Griswold et al.), | male paratype (CAS); Parc National de Namoroka, 9.8 km 
300° WNW Vilanandro, Ambovonaomby, 140 m, 16°28’00”S, 45°21’00”E, tropical dry forest, pitfall trap, 
4—8/XII/2002 (B.L. Fisher & C. Griswold et al.), 1 male holotype (CAS); Pare National de Namoroka, 17.8 
km 329° WNW Vilanandro, Mangotroky, 100 m, 16°22’36”S, 45°19’36’E, tropical dry forest, pitfall trap, 
8—12/X1/2002 (B.L. Fisher & C. Griswold et al.), 1 female paratype (CAS); Parc National de Namoroka, 17.8 
km 329° WNW Vilanandro, Mangotroky, 100 m, 16°22’36’S, 45°19’36”E, tropical dry forest, pitfall trap, 
8—12/X1/2002 (B.L. Fisher & C. Griswold et al.), 2 male paratypes (MNHN); Parc National de Namoroka, 16.9 
km 317° NW Vilanandro, Andriabe, 100 m, 16°24’24”S, 45°18’36’E, tropical dry forest, pitfall trap, 
12—16/X1/2002 (B.L. Fisher & C. Griswold et al.), 1 male juvenile paratype (CAS); Parc National de 
Namoroka, 16.9 km 317° NW Vilanandro, Andriabe, 100 m, 16°24’24”S, 45°18’36’E, tropical dry forest, sift- 
ed litter, leaf mold, rotten wood, 12—16/XI/2002 (B.L. Fisher & C. Griswold et al.), 1 male paratype (CAS). 

ETYMOLOGyY.— The specific name refers to the type locality of the new subspecies. 

DIAGNOsIS.— Scorpions are of average size when compared with most members of the genus, 
up to 14.3 mm in total length for males and 17.9 for females (see morphometric values). General 
coloration yellowish to reddish-yellow with brownish variegated spots over the body and 
appendages. Carinae and granulations moderately marked on body and appendages. 

RELATIONSHIPS.— The new subspecies is readily distinguished from M. p. pauliani by (1) a 
paler pattern of body pigmentation; and (11) a smaller number of pectinal teeth. 

DESCRIPTION (based on male holotype and female paratype).— COLORATION: Basically yellow- 
ish to reddish-yellow with brownish variegated spots over the body and appendages. Carapace, 
pedipalps, and legs with variegated brownish spots; anterior zone to the ocular tubercle without pig- 
ments in males; tergites with four longitudinal brownish stripes, the two central fused; metasomal 
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segments less densely spotted 
than tergites; venter moderately 
spotted; coxapophysis, sternum, 
genital operculum, and sternites 
with diffused spots; chelicera yel- 
lowish with dark variegated spots 
covering the anterior two-thirds. 

MORPHOLOGY: Carapace 
with moderately marked granula- 
tion; anterior margin with very 
weak concavity. Carinae weak; 
furrows inconspicuous. Median 
ocular tubercle distinctly on the 
anterior third of the carapace; 
median eyes separated by one 
ocular diameter. Three pairs of 
lateral eyes. Sternum pentagonal. 
Mesosoma: tergites moderately 
granular. Median carina moderate 
in all tergites. Tergite VII pen- 
tacarinate. Venter: genital oper- 
culum divided longitudinally, 
each plate more or less triangular 
in shape. Pectines large in males, 
small in females: pectinal tooth 
count 11-10 for male holotype 
and 8-9 for female paratype; 
basal middle lamellae of the 


Becunes OL dilated; fulera FiGuRES 44-46. Pigmentation pattern of pedipalps, dorsal aspect. 44. 
absent. Sternites smooth, with yicrocharmus pauliani pauliani. Female holotype. 45. Microcharmus p. 
short semi-oval to semi-slitlike namoroka ssp. noy. Male holotype. 46. Microcharmus p. ambre ssp. nov. 


spiracles; VII with a few granula- Female holotype. 
tions and vestigial carinae. 
Metasoma: segments I to IV with ten carinae, crenulate; ventral carinae reduced on segment IV; 
intercarinal spaces weakly to moderately granular. Segment V rounded with five carinae. Telson 
with a very elongated pear-shaped structure, smooth with moderate setation; aculeus short and 
weakly curved; subaculear tooth absent. Cheliceral dentition characteristic of the buthoids (Vachon 
1963); fixed finger with two moderate basal teeth; movable finger with two very weak but not fused 
basal teeth; ventral aspect of both finger and manus with dense, long setae. Pedipalps: femur pen- 
tacarinate; patella with vestigial carinae; internal face of patella with four to five spinoid granules; 
chela smooth; all faces weakly granular to smooth. Fixed and movable fingers with seven almost 
linear rows of granules; two accessory granules present at the base of each row; extremity of fixed 
and movable fingers with one long, sharp denticle. Trichobothriotaxy; orthobothriotaxy A-o 
(Vachon 1974, 1975). Legs: tarsus with very numerous fine median setae ventrally. Pedal spurs 
reduced; tibial spurs absent on leg HI, moderate on leg IV. 

MORPHOMETRIC MEASUREMENTS (IN MM) OF THE MALE HOLOTYPE AND FEMALE PARATYPE: Total 
length, 14.30/17.90. Carapace: length, 1.78/2.09; anterior width, 1.07/1.34; posterior width, 
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1.82/2.16. Metasomal segment I: length, 0.83/0.90; width, 0.97/1.26. Metasomal segment V: length, 
2.32/2.68; width, 0.87/1.03; depth, 0.87/1.04. Vesicle: width, 0.58/0.66; depth, 0.64/0.69. Pedipalp: 
femur length, 1.47/1.78, width, 0.50/0.59; patella length, 1.74/2.22, width, 0.63/0.82; chela length, 
2.41/2.44, width, 0.51/0.63, depth, 0.49/0.61; movable finger length, 1.66/2.09. 

DISTRIBUTION AND ECOLOGY.— Microcharmus pauliani namoroka is described here based on 
seven specimens, all of which are from the Namoroka Massif of central-west Madagascar. The 
specimen series comes from several different sites around Namoroka and appears broadly distrib- 
uted across the massif. The majority of individuals was obtained in pitfall traps. 

The massif is composed of limestone deposits and has experienced some of the same types of 
water erosion mentioned previously for the Bemaraha Massif under the description for M. bemara- 
ha. Further, the climatic parameters described for Bemaraha are also similar to those at Namoroka. 
Separated by at least 200 km, these two massifs possess very different microcharmid fauna, with 
M. p. namoroka being a distinct geographic form of an animal occurring at the north end of the 
island at the foothills of Montagne d’Ambre and Ankarana. However, Bemaraha and Namoroka 
share other scorpion taxa such as Opisthacanthus madagascariensis (Lourengo and Goodman 
2006a), but these larger species are presumed to be more generalists, better dispersers, and less sub- 
ject to microendemism. 


Microcharmus pauliani ambre Lourenco, Goodman, and Fisher, ssp. nov. 
Figure 46, map figure 1d. 


TYPE MATERIAL.— MapbaaGascar: Province d’Antsiranana: Réserve spéciale de |’ Ambre, 3.5 km 
235° SW Sakaramy, 325 m, 12°28’08”S, 49°14’32’E, tropical dry forest, pitfall trap, 26-31/1/2001 (B.L. Fisher 
& C. Griswold et al.). | female holotype (CAS); 3 female paratypes (2 CAS; 1 MNHN). 

ETYMOLOGyY.— The specific name refers to the type locality of the new subspecies. 

DIAGNOsIS.— Scorpions are of average size when compared to most members of the genus, up 
to 15.8 mm in total length for females (see morphometric values). General coloration yellowish 
with pale brown variegated spots over the body and appendages. Carinae and granulations moder- 
ate on body and appendages. 

RELATIONSHIPS.— The new subspecies is readily distinguished from M. p. pauliani and M. 
pauliani namoroka by (i) a paler pigmentation pattern, specifically on metasomal segments and 
pedipalps; and (11) the entire surface of the chelicerae are covered with dark variegated spots. 

DESCRIPTION (based on female holotype).— COLORATION: Basically yellowish with pale brown 
variegated spots over the body and appendages. Carapace, tergites, pedipalps, and legs with varie- 
gated pale brown spots; metasomal segments much less densely spotted than carapace or tergites; 
spots mainly covering the carinae; venter with pale variegated spots over coxapophysis, sternum, 
genital operculum, basal middle lamella of pectines, and sternites; chelicera yellowish with a dark 
variegated pigmentation which covers the entire surface. 

MorRPHOLOGY: Carapace with a moderately marked granulation; anterior margin with a moder- 
ate concavity. Carinae weak; furrows inconspicuous. Median ocular tubercle distinctly located on 
the anterior third of the carapace; median eyes separated by one ocular diameter. Three pairs of lat- 
eral eyes. Sternum pentagonal. Mesosoma: tergites moderately granular. Median carina moderate in 
all tergites. Tergite VII pentacarinate. Venter: genital operculum divided longitudinally, each plate 
more or less triangular in shape. Pectines moderate: pectinal tooth count 11-11 for female holotype 
(female paratypes with 11-11, 10-10); basal middle lamellae of the pectines not dilated; fulcra 
absent. Sternites smooth with short semi-oval to semi-slit-like spiracles; VII with a few granulations 
and vestigial carinae. Metasoma: segments I to IV with ten carinae, crenulate; ventral carinae 
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reduced on segment IV; intercarinal spaces weakly granular. Segment V rounded with five carinae. 
Telson with a very elongated pear- shaped structure, smooth with moderate setation; aculeus short, 
weakly curved; subaculear tooth absent. Cheliceral dentition characteristic of the buthoids (Vachon 
1963): fixed finger with two moderate basal teeth; movable finger with two very weak and fused 
basal teeth; ventral aspect of both finger and manus with dense, long setae. Pedipalps: femur pen- 
tacarinate; patella with vestigial carinae; internal face of patella with two spinoid granules; chela 
smooth; all faces weakly granular to smooth. Fixed and movable fingers with six to seven almost- 
linear rows of granules; two accessory granules present at the base of each row; extremity of fixed 
and movable fingers with one long, sharp denticle. Trichobothriotaxy; orthobothriotaxy A-o 
(Vachon 1974, 1975). Legs: tarsus with very numerous fine ventral median setae. Pedal spurs 
reduced; tibial spurs absent on leg HI, reduced or absent on leg IV. 

MORPHOMETRIC MEASUREMENTS (IN MM) OF THE FEMALE HOLOTYPE: Total length, 15.80. 
Carapace: length, 1.82; anterior width, 1.22; posterior width, 1.97. Metasomal segment I: length, 
0.88; width, 1.03. Metasomal segment V: length, 2.28; width, 0.84; depth, 0.78. Vesicle: width, 
0.59; depth, 0.63. Pedipalp: femur length, 1.53, width, 0.51; patella length, 1.94, width, 0.69; chela 
length, 2.69, width, 0.57, depth, 0.53; movable finger length, 1.84. 

DISTRIBUTION AND ECOLOGY.— The de- & Wee 
scription of Microcharmus pauliani ambre is 
based on four specimens taken in pitfall traps at 
the same locality in dry forest at the foothills of 
Montagne d’Ambre in the extreme northern 
portion of the island (Fig. 3). Two distinct nat- 
ural forest habitats occur on this massif, which 
reaches 1475 m above sea level: the dry decid- 
uous tropical forest comprises the lower reach- 
es of the massif and shifts to montane rainforest 
above approximately 1000 m to the summit. io are 
The region near Sakaramy receives about 1300 FIGURE 47. The area around Andriabe (shown here) in 
mm of annual rainfall and has a very pro- the Parc National de Namoroka is more humid than the sites 
nounced dry season (Donque 1975), and this of Ambovonaomby and Mangotroky, also within the park. 
massif shows very marked patterns of greater rainfall with increasing elevation (Goodman and 
Wilmé 2006). The lower dry deciduous forests have little surface leaf litter or organic matter in the 
soil. 

The upper, volcanic portion of the mountain was formed during the Upper Pliocene (Brenon 
1972: Rossi 1974) and there is clear evidence of continued significant volcanic activity until about 
8000 years ago (Battistini 1965). Volcanic eruptions on Montagne d’ Ambre sent lava flows into and 
around the Ankarana Massif (Cardiff and Befourouack 2003) that destroyed virtually all of the nat- 
ural vegetation between these two massifs. This could have separated formerly continuous popula- 
tions of Microcharmus pauliani in the extreme north, and led to the subsequent differentiation of 
M. p. pauliani and M. p. amber. Even today, Montagne d’ Ambre and Ankarana share several floral 
and faunal elements (Cardiff and Befourouack 2003). 

The geographic form of this species from the Namoroka Massif, M. p. namoroka, occurs 560 
km to the south of Ankarana. Across this zone there are a series of different geological formations, 
but the natural vegetation would have been dry deciduous tropical forest before human habitat 
degradation (Fig. 47). The earliest evidence of people on the island dates from about 2300 years ago 
(Burney et al. 2004); associated anthropogenic changes in the natural vegetation of the island with 
regards to scorpion evolution are insignificant at this time scale. 
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FIGURES 48-50. Microcharmus confluenciatus sp. nov. Male holotype. Pigmentation pattern. 48. Carapace, chelicerae 
and tergites I-III. 49. Pedipalp, dorsal aspect. 50. Metasomal segment V and telson, lateral aspect. 


Microcharmus confluenciatus Lourenco, Goodman, and Fisher, sp. nov. 
Figures 48-50, map figure la. 


TYPE MATERIAL.— MADAGASCAR: Province de Toamasina: Forét de Makira, Nord d’ Ambinanitelo, 
650 m, estimated coordinates 15°22’S, 49°34’E, forét humide, X/1947 (J. Millot). 1 male holotype (MNHN). 
Poorly preserved. 

ETYMOLOGyY.— The specific name refers to the confluent pigmentation of the tergites of the 
new species. 

DIAGNOSIS.— Scorpions of small size when compared with most species of the genus, up to 
8.1 mm in total length for the male (see morphometric values). General coloration pale yellow with 
diffuse spots over the body and appendages. Carapace with vestigial spots; tergites with confluent 
brownish strips; pedipalps, legs, chelicerae, and metasomal segments with diffuse variegated spots; 
venter without spots. Carinae and granulations weakly marked on body and appendages. 

RELATIONSHIPS.— The new species can be readily distinguished from all the other species of 
the genus Microcharmus, by (1) pale coloration and very diffuse pigmentation; (11) presence of con- 
fluent stripes over the tergites; and (iii) absence of any conspicuous pigmentation on the carapace. 

DESCRIPTION (based on male holotype).— Coloration. Basically pale yellow with diffuse spots 
over the body and appendages. Carapace with only vestigial spots; pedipalps, and legs with diffuse 
variegated brownish spots; tergites with confluent brownish stripes; metasomal segments much less 
densely spotted than pedipalps or legs. Venter lacks spots, and chelicera are yellowish with varie- 
gated brownish spots. 

MorPHOLOGY: Carapace with weakly marked granulation; anterior margin with a weak concav- 
ity. Carinae weak; furrows inconspicuous. Median ocular tubercle distinctly located on the anterior 
third of the carapace; median eyes separated by slightly less than one ocular diameter. Three pairs 
of lateral eyes. Sternum pentagonal. Mesosoma: tergites moderately granular. Median carina mod- 
erate in all tergites. Tergite VII pentacarinate. Venter: genital operculum divided longitudinally, 
each plate having a more or less subtriangular shape. Pectines large: pectinal tooth count 11-11; 
basal middle lamellae of the pectines not dilated; fulcra absent. Sternites smooth with short semi- 
oval to semi-slitlike spiracles; VII with a few granulations and vestigial carinae. Metasoma: seg- 
ments I to III with 10 carinae, crenulate; ventral carinae weakly marked on segment IV; intercari- 
nal spaces weakly granular. Segment V rounded with five carinae. Telson with very elongated, pear- 
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shaped structures, smooth with strong setation; aculeus short, weakly curved; subaculear tooth 
absent. Cheliceral dentition characteristic of the buthoids (Vachon 1963); fixed finger with two 
moderate basal teeth; movable finger with two very weak basal teeth; ventral aspect of both finger 
and manus with dense, long setae. Pedipalps: femur pentacarinate; patella with vestigial carinae; 
internal face of patella with two to three weakly spinoid granules; chela smooth; all faces weakly 
granular to smooth. Fixed and movable fingers with seven almost linear rows of granules; two 
accessory granules present at the base of each row; extremity of fixed and movable fingers with one 
long, sharp denticle. Trichobothriotaxy; orthobothriotaxy A-a (Vachon 1974, 1975). Legs: tarsus 
with very numerous fine median setae ventrally. Pedal spurs reduced; tibial spurs reduced on legs 
I and IV. 

MORPHOMETRIC MEASUREMENTS (IN MM) OF THE MALE HOLOTYPE: Total length, 8.10. Carapace: 
length, 1.22; anterior width, 0.76; posterior width, 1.22. Metasomal segment I: length, 0.63; width, 
0.63. Metasomal segment V: length, 1.41; width, 0.59; depth, 0.56. Vesicle: width, 0.41; depth, 
0.38. Pedipalp: femur length, 1.06, width, 0.31; patella length, 1.31, width, 0.44; chela length, 1.69, 
width, 0.34, depth, 0.31; movable finger length, 1.22. 

DISTRIBUTION AND ECOLOGY.— This species is only known from the Ambinanitelo region of 
the Makira Forest, a large block of relatively intact habitat northwest of Maroantsetra. The single 
known specimen comes from a site at 650 m, within the lowland humid forest that dominates the 
Makira Forest. Annual rainfall in this area is several meters per year, with the dry season notably 
less pronounced than in tropical dry forests; soil leaf litter and organic matter are well developed. 
Little is known about the scorpion fauna of the Makira Forest, but it does include biogeographical- 
ly interesting taxa such as the buthid Grosphus simoni, which 1s also found in the tropical dry forests 
of Ankarafantsika (Lourenco et al. 2004). 


Microcharmus violaceous Lourenco, Goodman, and Fisher, sp. nov. 
Figures 51 to 53, map figure le. 


TYPE MATERIAL.— MaAapaaGascar: Province d’Antsiranana: Réserve spéciale d’Ankarana, 
Encampement des Anglais (Anilotra), 125 m, 12°54’32”S 049°06’35”E, [X/2001 (W.R. Loureng¢o), tropical dry 
forest, specifically tsingy forest, in leaf litter. 1 male holotype (MNHN). 

ETYMOLOGyY.— The specific name is in reference to the purplish-blue pigmentation of the new 
species. 

DIAGNOsIs.— Scorpions of small size as compared to most species of the genus, up to 8.3 mm 
in total length for the male (see morphometric values). General coloration yellowish with purplish- 
blue regular spots over the body and appendages. Carinae and granulations weakly marked on body 
and appendages. 

RELATIONSHIPS.— The new species can be readily distinguished from all other species of the 
genus Microcharmus by (1) general purplish-blue pigmentation forming a regular etched pattern; 
(11) small overall size; and (iii) a high pectinial tooth count of 13-13. 

DESCRIPTION (based on male holotype).— COLORATION: Basically yellowish with purplish- 
blue regular spots over the body and appendages. Carapace yellowish with a regular purplish-blue 
pattern; pedipalp femur, patella, and legs heavily spotted; chela hand yellowish; fingers dark; ter- 
gites with four longitudinal stripes, not fused; metasomal segments less densely spotted than cara- 
pace or tergites. Venter yellowish without spots; chelicera yellowish with diffused variegated spots. 

MorPHOLOGY: Carapace with weakly marked granulation; anterior margin with moderately 
marked concavity. Carinae weak; furrows inconspicuous. Median ocular tubercle restricted to the 
anterior third of the carapace; median eyes separated by a little less than one ocular diameter. Three 
pairs of lateral eyes. Sternum pentagonal. Mesosoma: tergites weakly granular. Median carina mod- 
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51 < 52 53 


FiGuRES 51-53. Microcharmus violaceous sp. noy. Male holotype. Pigmentation pattern. 51. Carapace and chelicerae. 
52. Pedipalp, dorsal aspect. 53. Metasomal segment V and telson, lateral aspect. 


erate to weak in all tergites. Tergite VII pentacarinate. Venter: genital operculum divided longitudi- 
nally, each plate having a more or less triangular in shape. Pectines moderate: pectinal tooth count 
13-13; basal middle lamellae of the pectines not dilated; fulcra absent. Sternites smooth with short 
semi-oval to semi-slitlike spiracles; VII without granulations and with vestigial carinae. Metasoma: 
segments I to HI with ten carinae, crenulate; IV with eight carinae; ventral carinae weakly marked 
on segment IV; intercarinal spaces weakly granular to smooth. Segment V rounded with five cari- 
nae. Telson with a very elongated, pear-shaped structure, smooth with strong setation; aculeus short, 
weakly curved; subaculear tooth absent. Cheliceral dentition characteristic of the buthoids (Vachon 
1963): fixed finger with two moderate basal teeth; movable finger with two weak but not fused 
basal teeth; ventral aspect of both finger and manus with dense, long setae. Pedipalps: femur pen- 
tacarinate; patella with vestigial carinae; internal face of patella with 3-4 weakly spinoid granules; 
chela smooth; all faces weakly granular to smooth. Fixed and movable fingers with six to seven 
almost linear rows of granules; two accessory granules present at the base of each row; extremity 
of fixed and movable fingers with one long and sharp denticle. Trichobothriotaxy; orthobothriotaxy 
A-& (Vachon 1974, 1975). Legs: tarsus with very numerous fine median setae ventrally. Pedal spurs 
reduced; tibial spurs absent on leg III, very reduced on IV. 

MORPHOMETRIC MEASUREMENTS (IN MM) OF THE MALE HOLOTYPE: Total length, 8.30. Carapace: 
length, 1.14; anterior width, 0.72; posterior width, 1.01. Metasomal segment I: length, 0.59; width, 
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0.56. Metasomal segment V: length, 1.22; width, 0.50; depth, 0.47. Vesicle: width, 0.38; depth, 
0.34. Pedipalp: femur length, 0.86, width, 0.28; patella length, 1.13, width, 0.39; chela length, 1.59, 
width, 0.32, depth, 0.28; movable finger length, 1.09. 

DISTRIBUTION AND ECOLOGY.— Microcharmus violaceous is known from a single specimen 
taken from a leaf litter sample in the Réserve spéciale d’ Ankarana. The site where it was collected, 
known as the Encampement des Anglais [English Camp] or, in Malagasy, Anilotra, is a zone with- 
in a broad and relatively open canyon in the interior portion of the massif. The immediate habitat 
near the site is tropical dry deciduous forest surrounded by tsingy formations. The Ankarana 
receives slightly less than 2 m of rainfall per year, of which over 90% falls between the months of 
December to April; hence the region experiences a pronounced dry season (Hawkins et al. 1990; 
Bardot-Vaucoulon 1997). The soil of the Anilotra forest contains a layer of leaf litter but little 
organic material. The CAS field inventory team visited this site in 2001 and found no evidence of 
this species. 

The holotype of Ankaranocharmus pauliani (here synonomized with the genus Microcharmus 
as M. p. pauliani) was obtained in the same forest area as M. violaceous. This is the only case we 
are aware of on mainland Madagascar of completely overlapping geographical distribution in two 
microendemic Microcharmus spp. Molecular phylogenetic investigations of the M. pauliani com- 
plex and M. violaceous should help to resolve the evolutionary and dispersal history of these dif- 
ferent forms and modes of speciation and differentiation. 


New Material Related to Already-known Species 


Microcharmus hauseri Lourenco 
Map Fig. 1b, habitat figure 54. 


MADAGASCAR: Province d’Antsiranana: Nosy 
Be, Réserve naturelle Intégrale de Lokobe, 6.3 km 
112° ESE Hellville (Doany), 30 m, 13°25’10"S, 
48°19’52”E, lowland rainforest, sifted litter, 19-24/ 
I/2001 (B.L. Fisher & C. Griswold et al.), 1 female: 
Nosy Be, Réserve naturelle Intégrale de Lokobe, 6.3 
km 112° ESE Hellville (Doany), 30 m, 13°25’10’S, 
48°19’52”E, lowland rainforest, pitfall trap, 
19—24/TII/2001 (B.L. Fisher & C. Griswold et al.), 1 


male, | female. FicuRE 54. Dense lowland rainforest still reaches the 
coast in Réserve naturelle Intégrale de Lokobe on Nosy Be. 


Microcharmus pauliani pauliani (Lourenco) 
Map figure 1d. 


MADAGASCAR: Province d’Antsiranana: Réserve spéciale d’Ankarana, 22.9 km 224° SW Anivorano 
Nord, Encampement des Anglais (Anilotra), 80 m, 12°54’32”S, 49°6’35”E, tropical dry forest, pitfall trap, 
10—16/II/2001 (B. L. Fisher & C. Griswold et al.), 1 female (CAS); Réserve spéciale d’Ankarana, 13.6 km 
192° SSW Anivorano Nord, Jardin Botanique, 210 m, 12°51’49”S, 49°13’33”E, tropical dry forest, pitfall trap, 
sifted, 16~—21/II/2001 (B.L. Fisher & C. Griswold et al.) 2 females (CAS); Réserve spéciale d’ Ankarana, 13.6 
km 192° SSW Anivorano Nord, Jardin Botanique, 210 m, 12°51’49’S, 49°13’33”E, tropical dry forest, sifted 
litter, 16—21/II/2001 (B.L. Fisher & C. Griswold et al.), 1 male (CAS). 
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Key to the Genera and Species of the Family Microcharmidae 


Key to the Genera of the Family Microcharmidae 


. Adult global size from 18 to 20 mm; spiracles semi-slit-like ............... Neoprotobuthus 
Adult global size from 7 to 15 mm; spiracles oval to round ................. Microcharmus 
Key to the Species of the Genus Microcharmus 
mulkyospalksrolmlateralevestc.. sc ccs ss es fein as cave & oD sie ae ieee M. sabineae 
Mhreewpains otelateralyeyes: 22S eet oe et se eee Oe oe eee 2 
. General coloration very pale, with only vestigial spots; spiracles semi-oval to oval ......... 3 
General coloration yellowish with several dark spots over body, pedipalps and legs producing a 
general variegated appearance; spiracles semi-oval to semi-linear....................... + 
MRE Cina COOtKCOUTE DMO occa ish a 55-5 cee mr he a Ren ae M. cloudsleythompsoni 
Recimal:tooth:count 7t0"9 237. ws. 2.3 + haley ee ose os ee M. jussarae 
. Chelicerae recovered with variegated brownish spots; telson yellowish without spots ....... 6 
Chelicerae yellowish with some diffuse brownish spots anteriorly; telson yellowish with brown- 
ish dorsal surface and large brownishspots laterally. .2..............: 208 pee ee 5 
mbectnall tooth, count females SsmalesslOe oe tn. coca. catue oa eee M. fisheri 
Pectnalsoothicountaemales lO=irimalessiay 252.26 ee ence cn oe M. variegatus sp. nov 
Plotallength: 8tor ll mmiim males, 11 to l4mm in females... .... +... 22) eee 7 
Total leneth 12:5 to 15 mm ain males; 15:5 tol 8 mm in females. :--... 2. eee 10 
. Carapace with only vestigial spots; tergites with confluent strips... . M. confluenciatus sp. nov. 
Carapace intensely pigmented with variegated or a regular drawing ....................- 8 
. Carapace with regular, purplish-blue drawing ...................... M. violaceous sp. nov. 
Carapace with variegated brownish or intensely blackish spots .................---.---- 9 


. Carapace with brownish spots; hand and fingers of pedipalp chela yellowish 


Ae We sic sey as GES SLs on ae See eee M. madagascariensis 
Carapace with intensely blackish spots; pedipalp chela hand yellowish, fingers dark 
BG Ceo 6, SORA ee ee aOR LR iE oe RR cn M. maculatus sp. nov. 


. General coloration yellowish, with moderate to weak pigmentation over the body and 
APPDENGASES sae oe eee le eke ee Poe. O. ha. POE eee eee 11 
General coloration yellowish to reddish-yellow, with intense, dark pigmentation over the body 
ANGFADPCNGALES: (ss e's cic Ger ene himtin Cae gos ot ee ee cee Re en err 13 

. Venter almost unpigmented with only some vestigial spots............. M. duhemi sp. nov. 
Venter moderately pigmented with brownish variegated spots .................-.------ 1 

2. Zones around trichobothria d1, d3 and d4 of femur, pigmented................ M. hauseri 


Zones around trichobothria dl, d3 and d4 of femur without any pigments 
Eon Bias aia ay ah. A sy siees aA o.56, 320 Sake we Se M. bemaraha sp. nov. 


. Dorsal and ventral aspects of the body intensely pigmented; femur almost blackish 
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5. G.S Phe SiG An tera Pega Sen CL a Ral oe a Oe ae Sc a! See A M. pauliani pauliani 


Dorsal aspect of the body intensely pigmented; ventral aspect weakly pigmented........ 14 
fPeePectinial toothicountunitemales(8) (0.9) 43.5. 3.54 424. ae M. pauliani namoroka ssp. nov. 
Recunial toothucountinitemales MOjtorl Ine en kee eens M. pauliani ambre ssp. nov. 


THE PATTERN OF DISTRIBUTION AND HABITAT UTILIZATION BY 
MEMBERS OF THE FAMILY MICROCHARMIDAE (APPENDIX: TABLES 1 AND 2). 


The distributional pattern of this family, based on the previously known species of 
Microcharmus and Neoprotobuthus, is restricted to the northern third of the island in vegetation 
ranging from tropical dry forests to montane rainforests. In general, these geographical and ecolog- 
ical distributions are supported by more recent collections. The description of several new species 
and subspecies herein extends the known distribution of the genus slightly further south in two dif- 
ferent portions of the island: the western lowland tropical dry forests to Bemaraha (19°S) and east- 
ern lowland rainforests to the Makira region (about 15°S). Some of the new species, however, are 
confined to tropical dry thickets or forests that experience long and dramatic dry seasons, such as 
Forét d’Orangea and Montagne des Frangais in the extreme north of the island, and include areas 
of unconsolidated sand and calcareous substrates, respectively. 

The family Microcharmidae utilizes an even wider variety of habitats, from dry areas to some 
of the wettest forests on the island. In most cases, the different species and subspecies of this fam- 
ily show very fine levels of microendemism to specific sites and local habitats. The only exception 
to this rule is Microcharmus variegatus, which occurs in the forests of the Loky-Manambato region 
in lowland tropical dry forests to montane rainforests across an elevational gradient from 175 to 
1100 m. Since the current distribution of this species does not appear to be limited by habitat type, 
why it is confined to the Loky-Manambato region remains unclear (see Goodman and Wilmé 2006, 
for a discussion of the regional geology and biogeography). 

The recent reappraisal of the geographic distribution of the endemic buthid genus 
Pseudouroplectes Lourengo (Lourengo and Goodman 2006c), confirmed that this genus is restrict- 
ed to spiny bush and transitional spiny bush-dry deciduous vegetation from the south to southwest- 
ern portions of the island. As small animals presumed to dwell on the soil, this genus shows sever- 
al convergent parallels to Microcharmus. With the extension of the range of Microcharmus along 
the west portion of the island south to Bemaraha, it appears that Microcharmus and 
Pseudouroplectes present an almost parapatric distribution, and thus form a contiguous but not 
overlapping distribution. 

Of the currently recognized 15 species and subspecies of Microcharmus from Madagascar, 
eight (53%) are only known from tropical dry forest, six (40%) from rainforest formations (lowland 
and montane), and one (7%) occurs across these two distinct habitats (VM. variegatus). In the case 
of Microcharmus, current taxonomic diversity is nearly split between habitat extremes of dry and 
wet forests, but no example of Pseudouroplectes has been obtained in wet forest formations. P. pid- 
geoni is known from spiny bush habitat a short distance from the dramatic transitional zone 
between dry and wet forests separating parcels 1 and 2 of the Parc National d’Andohahela 
(Lourengco and Goodman 2006c). Thus, one of these genera of small, soil-dwelling scorpions 
includes approximately half of the forms found in wet forest formations, while no taxon of the other 
genus is known to occur in this habitat. These differences could be attributed to the lack of appro- 
priate collecting methods in the east. This hypothesis can be eliminated a priori since similar sam- 
pling methods have been used by the CAS field inventory team at a wide variety of sites in differ- 
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ent regions of the island. The exclusive presence of the genera Pseudouroplectes in the south and 
southwest, and that of Microcharmus and Neoprotobuthus in the northern and northwestern por- 
tions of the island, implies that specific ecological or physical barriers prevent dispersion. 

The genus Pseudouroplectes contains a lower level of microendemism than Microcharmus. For 
example, P. pidgeoni has a broad distribution across much of the southern portion of the island, 
from parcel 2 of the Pare national d’Andohahela, west to the Parc national de Tsimanampetsotsa, 
and south to the southernmost tip of the island at the Réserve spéciale de Cap Sainte Marie 
(Lourenco and Goodman, 2006). No Microcharmus species is distributed this broadly. In addition, 
all Pseudouroplectes show a fine regional level of microendemism. For a species such as M. varie- 
gatus, which occurs in a wide variety of habitats in a restricted zone within the Loky-Manambato 
region, geographic rather than habitat barriers must be invoked to explain its distribution. Further, 
M. hauseri and M. jussarae are restricted to the offshore island of Nosy Be. The ocean floor 
between Nosy Be and the main island is less than 50 m deep, indicating these two landmasses were 
connected during the Quaternary, when sea-level depths were over 100 m below modern levels 
(Camion et al. 2004). Hence, the speciation of these two scorpions on Nosy Be is associated with 
vicariance. Within the genus Microcharmus there are two cases of species occurring in sympatry. 
The include M. hauseri and M. jussarae in the Lokobe Forest on Nosy Be, and M. violaceous and 
M. p. pauliani in the Anilotra Forest of Ankarana. 

Overall, the distribution patterns of the Microcharmidae are characterized by extreme habitat 
and geographic restriction. The northern half of Madagascar has experienced dramatic geological 
change and climatic shifts that could have led to the isolation and formation of these taxa. If the 
recognition of geographical forms within M. pauliani is correct, this remains a dynamic process. 
The factors that established the current geographical ranges of these scorpions, including their ori- 
gins and radiation patterns, could be greatly elucidated by molecular genetic studies. These types 
of analyses are of special interest, as phylogenetic affinities between Pseudouroplectes and 
Microcharmus/Neoprotobuthus with African and Oriental relict elements, such as the genera 
Charmus Karsch and, Akentrobuthus Lamoral, remain suspected but totally unstudied. 
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Appendix 
TABLE |. Checklist of the known elements of the family Microcharmidae with information on their geo- 


graphical distribution. Distribution maps for the various new taxa (in bold) of Microcharmus are presented in 
Figs. la-e. 


Genus Microcharmus Lourengo, 1995 


Microcharmus bemaraha sp. nov. 

Microcharmus cloudsleythompsoni Lourengo, 1995. Madagascar, northwest, Zangoa [=Djangoa], 1947 
(J. Maillot leg), 1 female. 

Microcharmus confluenciatus sp. nov. 

Microcharmus duhemi sp. nov. 

Microcharmus fisheri Lourengo, 1998. Madagascar, 9.2 km SSW of Befingotra, Réserve spéciale 
d’Anjanaharibe-Sud, 14°45’ S, 49°28’ E, 1200 m, 9/X1/1994 (B.L. Fisher leg.), 1 male, 1 female. 6.5 
km SSW of Befingotra, Réserve spéciale d’ Anjanaharibe-Sud, 14°45’ S, 49°30’ E, 875 m, 19/X/1994 
(B.L. Fisher leg.), 1 male, 1 female. Sifted litter, leaf mold, rotten wood in montane rain forest. 

Microcharmus hauseri Lourengo, 1996. Madagascar, Sambirano, Nosy Be, Réserve naturelle intégrale n° 
6, Foret de Lokobe, 30/XI/1989 (B. Hauser leg.), 1 male. 

Microcharmus jussarae Lourengo, 1996. Madagascar, Sambirano, Nosy Be, Réserve naturelle intégrale 
n° 6, Forét de Lokobe, [X/1947 (J. Millot leg.), 1 male. 

Microcharmus maculatus sp. nov. 

Microcharmus madagascariensis Lourencgo, 1999. Madagascar, Province d’Antsiranana, Réserve spé- 
ciale de Manongarivo, 12.8 km SW Antanambao, 13°58.6'S, 48°25.4'E, 780 m, 12/X/1998 (B.L. 
Fisher leg. # 1872). 1 female. 

Microcharmus pauliani ambre ssp. nov. 

Microcharmus pauliani namoroka ssp. nov. 

Microcharmus sabineae Lourencgo, 1996. Madagascar, Est, Massif du Marojezy [=Marojejy], Réserve 
naturelle intégrale n° 12, 600 m, 12/XII/1972 (J.-M. Betsch leg.), 1 male. 

Microcharmus variegatus sp. nov. 

Microcharmus violaceous sp. nov. 


Genus Ankaranocharmus Lourenco, 2003 = Microcharmus Lourencgo, 1995 new synonymy. 


Microcharmus pauliani (Lourengo, 2003). Madagascar, Province d’Antsiranana, Réserve spéciale 
d’Ankarana, Encampement des Anglais, Anilotra, 125 m, 12°54'32"”S 049°06'35"E, [X/2001 (W. R. 
Lourenco leg.), | female. Undisturbed tsingy forest, in litter. 


Genus Neoprotobuthus Lourencgo, 2000 


Neoprotobuthus intermedius Lourengo, 2000. Madagascar, Province d’Antsiranana, Réserve spéciale de 
Manongarivo, 14.5 km SW Antanambao (Sambirano Valley), 14.0°0'S, 48°25.7'E, 1240 m, 
12/11/1999 (S.M. Goodman leg.). Primary montane forest. 
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TABLE 2. Distribution and certain ecological parameters of Malagasy Microcharmidae. 


Species 


Known localities 


Elevation (m) 


Habitat 


M. bemaraha 

M. cloudsleythompsoni 
M. confluenciatus 

M. duhemi 

M. fisheri 

M. hauseri 

M. jussarae 

M. maculatus 

M. madagascariensis 
M. p. pauliani 

M. p. ambre 

M. p. namoroka 


Bemaraha 50 

Djangoa about 30 
Makira 650 
Montagne des Francais 180 
Anjanaharibe-Sud 875-1200 
Lokobe (Nosy Be) 30 
Lokobe (Nosy Be) 30 
Orangea 90 
Manongarivo 780 
Ankarana (Anilotra) 80-210 
Montagne d’ Ambre 325 
Namoroka 100-140 


San Francisco, California, U.S.A. 


tropical dry forest 
tropical dry forest 
lowland rainforest 
tropical dry forest 
lowland to montane rainforest 
lowland rainforest 
lowland rainforest1 
dry deciduous thicket 
lowland rainforest] 
tropical dry forest 
tropical dry forest 
tropical dry forest 
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The new family Paedembiidae comprises two new genera and species collected on the 
steppes of western Afghanistan and southern Turkmenistan. Adult males are almost 
as neotenic as females (Fig. 1). The Afghanistan species is subterranean except when 
extending its silk galleries into Artemesia shrubs to collect leaf fragments to serve as 
food in the depths of their burrows. Specimens of the Turkmenistan genus and 
species, described separately by Russian workers, were collected in soil traps. These 
animals probably have habits similar to those of the Afghanistan species. Additional 
comments and figures by me, based on a paratype of the Turkmenistan species, have 
been added to the paper by Gorochov and Anisyutkin (q.v., this issue, p. 795). 

Distinctness of the new family is so great that I have decided to place it in a new 
Infraorder category, Paedembiamorpha. Additional Infraorders will be proposed 
within Embiidina in my future higher classification of the order. 


The new family Paedembiidae is proposed for the most paedomorphic species of the order. 
Adult males of many other embiids are neotenic in varying degrees, but in all of them the abdom- 
inal terminalia attain the same mature development as all other species of the order. In paedembi- 
ids, however, we have the first known case of almost complete terminalia neoteny. Males of the 
Afghanistan species have only a minute process on the inner-base of the left cercus, which can be 
exposed only by probing (Fig. 2). In some specimens, however, there is no such process, conse- 
quently the left and right cerci are perfectly symmetrical. 

A transverse fold separates the ninth sternum (hypandrium) (H) from a triangular, fleshy lobe 
(HP?), which might be considered the caudal process of the hypandrium. However, it possibly 
could be the sternum of the abdomen’s tenth segment, a condition found in no other embiids except 
possibly the totally unrelated, strictly Australian family Australembiidae. In all other embiids the 
hypandrium continues caudad as a lobe (HP) without a transverse fold or a dividing membrane. 
When this lobe in paedembiids is lifted, a small pale amber sclerite and fleshy microlobes are 
revealed. They may be rudimentary gonapophyses. 

The cerci of the Turkmenistan species (see Gorochov and Anisyutkin, this issue) are much 
shorter than those of the Afghanistan species. The basal segment of the left one is almost globular, 
slightly in curved and bears a remarkable, slender, inner-basal process. At first it juts ventrad and 
then abruptly turns diagonally dorsad across the caudal end of the abdomen and finally bends left- 
ward at its apex (see Gorochoy and Anisyutkin, this issue, Figs. 1-3). Except for its apex, which is 
smooth, the outer surface of the process is microspiculated. 

INSTITUTIONAL SYMBOLS.— BMNH ~— British Museum (Natural History) (now Natural History 
Museum, London); CAS — California Academy of Sciences, San Francisco; USNM — National 
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Museum of Natural History, Washington, D.C. [formerly United States National Museum]. Other 
depositories are spelled out. 

EXPLANATION OF TERMINALIA SYMBOLS.— 9 = ninth abdominal tergite; 10 = tenth abdominal 
tergite; EP = epiproct; H = hypandrium; HP? = hypandrium process, possibly tenth sternum; LCi = 
basal segment of left cercus; LPPT and RPPT = left and right paraprocts. 


Paedembiidae Ross, new family 


TYPE GENUS.— Paedembia Ross, gen. nov., by present designation. 

ETYMOLOGY.— The paedomorphic nature of adults of both sexes. 

DISTRIBUTION.— Steppes of western Afghanistan and southern Turkmenistan. 

DESCRIPTION.— Males, large, apterous, robust, resembling females, soft-bodied; body length 
averaging 18 mm. Head elongate-oval, eyes and antennae small with nymphoid segments. 
Mandibles elongate, incisor tooth of each mandible largest, widely separated from other distal teeth. 
Mesonotum triangulate, narrowed caudad, with a prominent, longitudinal, medial sulcus. 
Metanotum simple, quadrate. Basal segment of the tarsus of the mid leg with two ventral rows of 
very large setae. Basitarsus of hind leg with two, at times flat, ventral papillae as well as large bor- 
dering setae. Tenth abdominal tergite broad, lacking cleavages or processes. Ninth sternum (H) 
quadrate, with a triangular, fleshy lobe (HP?) separated from H by a transverse fold. Paraprocts 
(LPPT and RPPT) nymphoid, left one slightly larger than the right. Cerci large, at least in the 
Afghanistan species, very long, directed ventrad instead of caudad and curved forward. 

Segments symmetrical, similar in the Afghanistan species except, in most specimens for a 
small, narrow, non-echinulate, nipple-like process on the inner base of the left cercus (Fig. 2), which 
may not be visible except by probing. In the Turkmenistan species the basal segment is globular and 
bears a very elongate, flat sclerotic basal process (see Gorochov and Anisyutkin, this issue, Figs. 
1-3), which arcs dorsad and then leftward across the caudal end of the abdomen. It may be a process 
of the left cercus-basipodite for a shorter, but slightly similar, process arises on the basipodite of a 
series of new species related to Oligotoma annandalei Kapur and Kripalani of India. However, in 
these species the process is appressed caudad along the inner side of the basal segment of the left 
cercus. The similarity may be only coincidental and not an indication of a relationship with the 
Turkmenian species. 

Females.— Appearance similar to males but larger in size. Without apparent family-level char- 
acters except the mesonotum’s longitudinal sulcus. 

DISCUSSION.— Because of the nymphoid condition of adult males, especially that of their ter- 
minalia, it is presently impossible to determine the relationship of this family to others in the order. 
In western Asia, the only two stocks are Embiidae (Parembia persica [McLachlan]) and Oligo- 
tomidae (Oligotoma nigra Hagen), but there is no evidence of a relationship to either of these fam- 
ilies. Hopefully, less neotenic paedembiids will be collected with characters useful in determining 
the family’s relationships. Molecular analysis may prove useful in a future study of this problem. 

The tan coloration resembles that of the many other desert arthropods that shun light, or are 
nocturnally active. The ventral papillae of the hind basitarsi are flattened and even concave in adult 
males, but inflated and convex in gallery-confined nymphs. The great size of the ventral setae may 
aid traction across ground surfaces in search of a mate in another burrow, or during burrow exca- 
vation with the mandibles. 


Genus Paedembia Ross, gen. nov. 


TYPE SPECIES.— Paedembia afghanica Ross, new species, by present designation. 


ROSS: NEW FAMILY AND INFRAORDER OF EMBHDINA FROM AFGHANISTAN 787 


DISTRIBUTION.— Western Afghanistan. 

DESCRIPTION.— Males, very large (body length averaging 18 mm.), robust; apterous; tan, head 
golden. Cranium large, elongate-oval, nymphoid; eyes small; antennae, as in nymphs throughout 
the order, are relatively short, with segments small, setae inconspicuous, 23-segmented, segment 3 
three times longer than 2 or 4, all segments unicolorous tan; mandibles elongate, apically tapered, 
slightly extended forward beyond labral margin, slightly carinate longitudinally from dorsal artic- 
ulation, reddish mahogany with piceous margins, the apical incisor tooth prominent on each 
mandible, is widely separated from smaller, basal, incisor teeth (two on left mandible, one on right); 
other mouthparts nymphoid; submentum transversely rectangulate and moderately sclerotized, 
gular bridge very short. Thorax, legs and abdomen nymphoid; all sclerites pale tan with fine, dark 
amber setae; all membranes only slightly paler than sclerites; prothorax broad with shallow sulci: 
mesonotum narrow, triangulate, tapered caudad with a deep, longitudinal, medial sulcus. Basal seg- 
ment of mid tarsi unusually long with plantar surface flat, lacking setae except for a single row 
along each side; hind tarsi (Fig. 2) similar but shorter, basal segment slightly constricted medioven- 
trally, all three ventral papillae concave, white, with fine microtrichia. The disc-like surfaces are lat- 
erally bordered by very stout dark amber setae. Terminalia (Fig. 2) almost completely nymphoid; 
tenth tergite, as in nymphs and females, without a trace of cleavages or processes; ninth sternum 
(H) pale, quadrate, behind which there is a triangular, fleshy lobe (HP?) Separated from H by a 
transverse fold; paraprocts small, largely covered by HP?. Cerci large, segments elongate, tubular; 
basal segments similar except in some specimens for a tiny, narrow, dorsally curved process (Fig. 
2) projected mesad from inner-base of left segment; this process is concave on its dorsal surface and 
lacks setae except for a few long ones on its caudal surface; entire inner sides of both left and right 
basal segments bearing dense, long setae but no echinulations. Cercus-basipodites not conspicuous. 

Females, larger than males; mesonotum, as in males, narrowly triangulate, tapered caudad and 
longitudinally sulcate; metanotum quadrate; generally pale ferrugineous, head darker. Plantar sur- 
face of hind basitarsi finely pubescent; bordered on each side by about 12 large, sharp, straight 
setae; distal plantar surface separated from basal by a low, transverse sulcus, its surface also con- 
vex and finely pubescent with inner and outer margins of each with five stout setae in two rows; 
these two convex surfaces are homologs of the more definite globose, tarsal papillae, occurring in 
many other embiids. Abdomen nymphoid except for modifications of terminal segments and cerci. 
Segments 9 and 10 abruptly smaller than others, their terga, as in nymphs, completely lack cleav- 
ages or processes; genital aperture is located beneath eighth sternum, which 1s small, transversely 
and weakly sclerotized; behind this opening is a narrow, transverse, setose ridge; ninth sternite (H) 
quadrate, surface smooth, unmodified except for paler, seta-free, almost translucent area on each 
side of its base. Paraprocts (LPPT) rather small, triangulate, surfaces setose, somewhat depressed. 
Cerci elongate, cylindrical, evenly sclerotized, directed ventrad and attached close together; setae 
exceptionally fine and dense, especially on distal segments, vestiture comprised of many evenly- 
spaced, long setae and many intervening short sensory setae (trichobothria). 


Paedembia afghanica Ross, sp. nov. 


HOLOTYPE.— Male, in alcohol, CAS. Afghanistan: Mir Pass, 50 km S of Herat (along highway to 
Kandahar), 1700 m elev., in a subterranean burrow, 2-V-1970 (E.S. Ross). 

DESCRIPTION.— As described and figured in the generic treatment. 

ADDITIONAL MATERIAL EXAMINED.— ALLOTYPE: Females, as described in the generic treatment, with 
holotype’s data and disposition. PARATYPES: Thirteen adult, topotypic males deposited in CAS, USNM, 
BMNH, Lund Univ., Sweden and the Russian Academy of Sciences, St. Petersburg. PARALLOTYPES: Eight adult 
females (CAS). ADDITIONAL RECORD: An adult male from Afghanistan: AA. 1040, Oubeh (90 km E of Herat) 
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FIGURE |. Appearance (alive) of an adult male of Paedembia afghanica sp. nov. Note peculiar medial mesonotal furrow 
and the downward projection of the cerci; conditions found only in Paedembia. Body length 18 mm. 
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FIGURE 2. Important characters of the holotype of Paedembia afghanica. Drawings by E.S. Ross. 
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“sous pierres pres d’un torrent’, 12-VI-1962. (K. Lindberg). Two half grown nymphs were collected in sifted 
leaves at the same place (CAS). 

DISCUSSION.— The late Dr. Lindberg’s specimens were sent to me for study. Because of their 
unusual nature, I took the first opportunity to visit Afghanistan to collect more specimens and deter- 
mine the species’ habits. The occasion took place in the spring of 1970 during a flight stopover 
while enroute to San Francisco from Africa via the Orient. My successful search and culturing data 
are detailed as follows: 

FIELD OBSERVATIONS.— The type locality is a slope along the north side of a highway near a 
small, dry, upper tributary of the Rode Gaz, which eventually joins the southwest-flowing Harutrod. 
The environment (Fig. 3), is arid, grassland with low shrubs grazed by karakul sheep of nomads. 

During two short visits, April 30 and May 2, 1970, conditions were prime; foliage green, soil 
slightly moist. Favorable conditions would soon end and the remaining months of the year would 
be hot and dry, then bleak and cold during winter. 

Turnable surface stones were scarce, but cobblestones imbedded in the silty soil were numer- 
ous. I found no evidence of embiids under surface stones in spite of the use of such cover elsewhere 
in Afghanistan by the “weed” species, Parembia persica (McLachlan) and Oligotoma nigra Hagen, 
the most common embiids occurring in Afghanistan and the Middle East. 

My search for Paedembia was about to be abandoned until unexpectedly I saw a large, gray- 
ish white silky gallery extending up from a burrow into twigs and foliage of a low Artemesia shrub 
(Fig. 4). Similar galleries were soon found in other artemesias. Each extended into a burrow, which 
sheltered an adult male Paedembia at a depth of only ten centimeters. A much larger gallery, about 
8 cm in diameter, was excavated with difficulty as it penetrated between stones to a depth of about 


FiGureE 3. Author at type locality of PR. afghanica, 50 km S of Herat, Afghanistan, 1700 m elev., early May, 1970. 
Vegetation: Artemesia shrubs, bunch grass, iris and other wildflowers. 
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FiGuRE 4. Gallery of P. afghanica extended into Artemesia shrub to collect leaf fragments to be accumulated in the bur- 
row as a food provision. 


forty centimeters (Figs. 5-6). As expected, this gallery contained a very large mature female (body 
length about 25 mm). At the burrow’s end was an accumulation of freshly-collected Artemesia leaf 
fragments. 

These and subsequent excavations indicate that broods of Paedembia are not gregarious, at 
least during later stages of development. Apparently each nymph excavates an independent burrow 
and provisions it with leaf fragments gathered during tolerable conditions above ground in the 
April-May spring season; otherwise, perhaps only at night or early morning. The pale tan coloration 
of adults, and the almost white nymphs indicate that the species shuns light and is almost entirely 
subterranean except for nocturnal above-ground activities. This conclusion is strenghtened by the 
fact that no embiids were seen in foraging galleries during daytime. 

I assume that during most of the year the species survives in its marginal environment by 
remaining underground. During hot, dry times of the year the surface galleries probably weather 
away and then there may be no evidence of embiids in the habitat. Because my digging tools were 
inadequate, I motored northwest to Herat to purchase better equipment, and, while in the vicinity, I 
checked areas of natural vegetation for Paedembia but found only an abundance of Parembia per- 
sica in conspicuous galleries under stones and in soil cracks. I attributed the absence of Paedembia 
to Herat’s lower altitude and greater aridity. 

During a short return visit to the Paedembia locality, | excavated additional individuals. All late 
instar nymphs and several adult females were cultured. Each was placed in a separate tube to avoid 
likelihood of cannibalism. As before, females were found in larger burrows, which I excavated usu- 
ally at least forty centimeters deep into the soil between firmly imbedded stones. On the ground’s 
surface, several galleries usually radiated outward from a burrow’s entrance. One or more of these 
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extended upward into an adjacent shrub, but others had been spun on the ground’s surface and were 
filled with earth. Apparently they served as “dumps” for excavated soil. 

Paedembia suffers predation even within subterranean galleries. For example, once I found a 
geophilomorph centipede eating an embiid at the bottom of a gallery. Such centipedes are ideally 
adapted for movement in the galleries and must be important in reducing the embiid species’ pop- 
ulations. During my limited observations, I found no evidence of egg or sclerogibbid wasp para- 
sitoids. 

During the remainder of my Afghanian tour, I briefly searched other localities along the Herat- 
Kandahar-Kabul road, as well as regions north of the Koh I Baba (SW end of the Hindu Kush) with- 
out again encountering Paedembia. | concluded that the species requires access to lower and more 
southern refugia during long-term cold climatic cycles. It probably is limited to a zone averaging 
about 1500 meters in elevation, which must be extensive along the southern and western drainage 
of the Koh I Baba, but one not frequently crossed by major roads. It is likely that paedembiids occur 
elsewhere in the Middle East, particularly in eastern Iran and possibly western Pakistan. Recently, 
without success, I searched for Paedembia in steppe habitats in southcentral Turkey. A wider dis- 
tribution of the family is borne out by the surprising discovery of a new species in Turkmenistan 
(see Gorochov and Anisyutkin, this issue). 
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FIGURE 6. Burrow of a female P. afghanica partly excavated; extends to a depth of forty centimeters. 


LABORATORY CULTURING.— In San Francisco, several Paedembia afghanica cultures were 
maintained. Some nymphs simply transformed into adult males and after presumed mating, they 
were preserved as specimens. Most nymphs died and it was apparent that the species has very low 
culture vigor. 

By July 15, 1970 only two adult females remained alive in spite of careful culture maintenance. 
Fortunately, one of these produced several first instar nymphs. These were very active and did not 
spin individual galleries, as is the habit of all other immature embiids. The small nymphs simply 
crowded just within the entrance of the parent’s gallery. On July 23" about twenty of the small 
nymphs were seen aimlessly moving about on the upper surface of the culture. Even a slight distur- 
bance caused them to retreat rapidly into an open maternal gallery. 

By August 4" the nymphs were about 8 mm in length and continued to walk freely on the inner 
walls of the maternal gallery. At this stage some of them had begun to spin “personal” galleries to 
reach food (the culture media consisted of fragmented, dead, California live oak leaves). On August 
12 the parent female and twenty nymphs were transferred into a larger container with an abun- 
dance of media. The parent female promptly made a linear gallery and lined its upper end with 
small fragments of fresh Romaine lettuce (which I normally add to a culture’s surface as a diet sup- 
plement). Obviously, this was a continuance of the food-provisioning habit observed in the field. 

By September 24, nymphs were 12 to 18 mm in length, sluggish and secretive. At this stage 
they exhibited the triangular, mesonotal outline and longitudinal sulcus, a feature found in no other 
species of the order. All were creamy white in color. 

Because of crowding and consequent increased danger of cannibalism, the adult female was 
removed on August 31‘ and preserved. The brood slowly developed during the next year (1971). 
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Some matured in summer, most others as late as October. I assume that maturity would normally 
take place in the field during May or June. I had hoped to culture the species for several genera- 
tions but the presumably-mated females of the 1970-71 brood died one by one without laying eggs. 
The last survivor died late in January, 1972. 
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A New Genus and Species of Paedembiidae from Turkmenistan 


A.V. Gorochovy and L.N. Anisyutkin 
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199034 St. Petersburg, Russia 


This paper, based on specimens deposited in the Zoological Institute, Russian Academy of 
Sciences, St. Petersburg, describes a species belonging to a new genus that we are unable to place 
in a known family of the order Embiidina. 


Genus Badkhyzembia Gorochovy and Anisyutkin, gen. nov. 


TYPE SPECIES.— Badkhyzembia krivokhatskyi, sp. nov, by present designation. 

ETYMOLOGyY.— Reference to the type locality in southern Turkmenistan: Badkhyz Natural 
Reserve, Kzyl-Dzhar. 

DIAGNOsIS.— Size large for the order. Body typical of Embiidina but apterous and robust. 
Head (Fig. la) elongated, with small eyes and long mandibles; antennae with 20 segments (1s and 
3 segments longest); gular sclerite (postoccipital bridge) well developed, heavily sclerotized. 
Pronotum (Fig. la) somewhat longer than wide, distinctly narrowed anteriorly; mesonotum (Fig. 
la) clearly narrower and longer than pronotum, narrowing to almost an acute hind apex, divided by 
a distinct median furrow. Legs with strongly inflated fore metatarsus (its structure typical of 
Embiidina) (Figs. 1b—c) with comparatively narrow and straight middle metatarsus (it is only slight- 
ly shorter than fore metatarsus), and with distinctly shorter (than both previous metatarsi) and 
somewhat curved hind metatarsus. Abdomen long, cylindrical, in male with asymmetrical 10" ter- 
gite having a large rounded hind lobe, but lacking processes or hooks (Fig. 1d); male epiproct oval, 
semi-membraneous, almost fused with 10" tergite, situated under the apex of its hind lobe (Fig. 1d): 
cerci and paraprocts of male asymmetrical also (Figs. 1d—e), paraprocts and right cercus without 
processes and hooks, left cercus with long hooked process at lower part of its base (this process 
curved inside and directed upwards) (Fig. If); male genital plate (9" sternite) sternite-like, with a 
hind lobe (fused 9" coxopodites), separated from the plate by distinct fold (Fig. le). 


Badkhyzembia krivokhatskyi Gorochov and Anisyutkin, sp. nov. 
Figures |-4. 


HOLOTYPE.— Male, in alcohol, deposited in the Zoological Institute, Russian Academy of Sciences, St. 
Petersburg. Data: Southern Turkmenistan: Badkhyz Natural Reserve, Kzyl-Dzhar, IV-1978 (collector V. 
Krivokhatsky). 

ETYMOLOGY.— The species name honors the collector, Russian entomologist, Dr. V. 
Krivokhatsky. 

DESCRIPTION.— Coloration uniformly brown but with blackish eyes, dark brown distal portion 
of mandibles and light brown abdominal apex. Shape of head, pronotum, mesonotum and fore tarsi 
as in Fig. la; structure of abdominal apex as in Figs. 1d,f; genitalia membranous. 

DIMENSIONS.— Body length 20-23 mm, head 3.5—3.7 mm. Pronotum 2.0—2.2 mm, mesonotum 
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la 1b 


FiGuRE |. Characters of a male Badkhyzembia krivokhatskyi n. sp. (a) head, pronotum, and mesonotum from above; (b) 
fore tibia and tarsus from side; (c) fore metatarsus from below; (d) abdominal apex from above; (e) from below; (f) from 
behind. Abbreviations: c = coxopodites of 9th sternite, g = genital plate (9th sternite), p = paraproct, 10t = 10th tergite. 
Drawings and caption furnished by Gorochov. 


2.8—3.0 mm, fore femora 2.0—2.2 mm, fore tibiae 2.1—2.3 mm, fore metatarsi 1.8—1.9 mm, middle 


mm, hind tibiae 2.4—2.6 mm, hind metatarsi 1.0—1.1 mm, cerci 1.7—1.8 mm. 

VARIATION.— One of paratypes has a somewhat shorter process of left cercus and the apical 
part of this process 1s directed more or less backwards. Apparently it was deformed during molting. 

FEMALES.— No specimens. 

Discussion.— The following comments and additional figures were contributed by Dr. 
Edward Ross, based on his study of a topotypic male paratype of this species deposited by exchange 
in the CAS collection: 

“Family characters.— The two included genera have in common: a soft general body, tan col- 
oration, similar cranial and mandibular form, a peculiar, narrowly-triangulate mesonotum with a 
unique, longitudinal, medial furrow, similar legs, and a tenth tergite without cleavage or processes. 

“Species characters.— The molar area of the mandibles of krovokhatski is slightly shorter than 
in afghanica. The inner side of the hind basitarsus of krivokhatski has very sparse setae and the mid- 
dle segment lacks stout setae. In contrast, both sides of the afghanica’s basitarsus and the mid seg- 
ment have numerous stout setae (see Ross [this issue], Fig. 2). As mentioned, there are profound 
distinctions in the form of the cercus segments, especially in the processes of the basal segment of 
the left cercus. 
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See FIGURE 3. Caudal aspect of terminalia of a paratype of B. 


krivokhatskyi. Drawing by E.S. Ross. 
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FiGuRE 2. Dorsal and ventral aspects of terminalia of a 
paratype of Badkhzembia krivokhatskyi (setae omitted). 
Drawing by E.S. Ross. 


“I have contributed terminalia figures of a paratype of B. krivokhatski (Figs. 2-3).” 
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The Madagascan Muscidae fauna is known only from scattered publications by a 
variety of authors, containing mainly descriptions of new species. Previous records of 
Madagascan muscids amount to 78 species in 27 genera (Pont 1980). The present 
study of the Muscidae collected by the ‘Madagascar Arthropod Biodiversity 
Project’, developed by the California Academy of Sciences, San Francisco, 
California, has provided the stimulus for this paper in which all the genera and 
species recorded from Madagascar are keyed, 23 new species are described, and 7 
species and 3 genera are newly recorded from Madagascar. Almost 80% of the pre- 
viously known Madagascan muscid fauna has been recognised among the material 
studied. In addition to the new species described herein, replacement names are given 
for two homonyms: Dichaetomyia zielkei new name (for Dichaetomyia apicalis Zielke, 
1972, preoce.) and Dichaetomyia frontata new name (for Dichaetomyia frontalis 
Zielke, 1972, preocc.). One new synonym is established: Dichaetomyia rangeri Zielke, 
1973 (syn: Dichaetomyia scutellaris Zielke, 1974). The species newly recorded from 
Madagascar are: Atherigona (Acritochaeta) orientalis Schiner, 1868; Atherigona 
(Atherigona) addita Malloch, 1923; Brontaea flexa (Wiedemann, 1830); Dichaetomyia 
(Dichaetomyia) albivitta (Stein, 1906); Helina lucida (Stein, 1913); Lispe niveimacula- 
ta Stein, 1906 and Lispocephala pectinata (Stein, 1900). The genera newly recorded 
from Madagascar are: Azelia Robineau-Desvoidy, Phaonia Robineau-Desvoidy and 
Spilogona Schnabl. 


The Muscidae is a speciose family of the calyptrate Diptera that contains some 4500 described 
species in 86 genera (Carvalho et al. 2005). It is represented in all zoogeographical regions, and 
Species occur in a wide variety of habitats except for the most arid. 

Adults can be recognized by the absence of a series of strong setae on meron; vein A,+CuA, 
not reaching wing margin; male reproductive system without the accessory pair of glands; the 
absence of abdominal spiracles 6 and 7 in the female ovipositor (spiracle 6 re-aquired in two gen- 
era), the latter character being an autapomorphy of the family. 

Many species are of medical and veterinary importance, as vectors of certain etiological agents 
that can cause diseases. Others are of agricultural importance as pests of cereal crops, whilst others 
are of importance in biological control as predators of other insects that can cause injury to man and 
animals. 

Although there have been considerable advances in our knowledge of the taxonomy of these 
flies in recent years, many species in all regions are still to be described. 

The Afrotropical Muscidae fauna has been dealt with in the comprehensive revisions by Emden 
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(1939, 1940, 1941, 1942a,b, 1943, 1951) and in the more recent revisions such as Zielke (1971) for 
the Muscini, Dike (1989, 1990) and Deeming (1987) for the Atherigonini, and Zumpt (1973) for the 
Stomoxyinae. Since Emden’s work, species have been described by Crosskey, Deeming, Dike, 
Kleynhans, Paterson, Peris, Pont, Snyder, Zielke and Zumpt, and keys have been published by 
Zumpt (1969) for Aethiopomyia, Paterson (1960) for Alluaudinella, Snyder (1953) for Mydaea (in 
part), Pont and Dear (1976) for Ochromusca, Pont (1974) for Passeromyia, and Crosskey (1962) 
for Pygophora (summarised in Pont 1980). 

Knowledge of the Madagascan Muscidae fauna is scattered in the publications of these authors 
and consists mainly of the descriptions of new species. Pont (1980) listed 78 species in 27 genera 
from Madagascar, and nothing further has been added since then apart from the paper by Deeming 
(1987) on the genus Atherigona Rondani. Until the present contribution, the most speciose genera 
were Dichaetomyia Malloch, with 14 species, followed by Lispe Latreille with 13 species and 
Atherigona with 10. Most of the other genera were represented by a very small number of species. 

The study of the muscids collected by the “Madagascar Arthropod Biodiversity Project” devel- 
oped by the California Academy of Sciences, San Francisco California, has provided the impulse 
for this contribution, in which all the genera and species recorded from Madagascar are keyed, with 
seven species and three genera newly recorded from Madagascar and 23 species described as new 
to science. Almost 80% of the previously known Madagascan muscid fauna is represented in the 
material studied. Some species are common, with a large series of specimens represented in muse- 
um collections; others are rare and are sometimes represented by only a single specimen. 

There is still material to be examined, so the data presented herein are preliminary and the 
Madagascan muscid fauna is certainly much richer. The main aim of this contribution is to sum- 
marise the present knowledge of this fauna and to serve as a guide for the identication of the record- 
ed species, thereby assisting with future studies. 


MATERIALS AND METHODS 
The Madagascar Arthropod Biodiversity Project 


The Madagascar Arthropod Biodiversity Project is an attempt to assess the entire arthropod 
fauna of Madagascar. It has been partially funded by NSF Grant DEB-0072713; Brian Fisher is the 
principal investigator and Charles E. Griswold, the co-principal investigator. The collecting phase 
of the project began in 2001 and continued until early 2005. There was a field crew of as many as 
24 persons. Six trapping techniques were used in the field to capture arthropods from more than 
seventy localities. The techniques utilized were light traps, Malaise traps, pitfall traps, mini- Winkler 
extractors, beating, and collecting the insects off the vegetation with nets. Considerable additional 
support with Malaise trapping was obtained from E.I. Schlinger and the Schlinger Foundation, 
which employed a field technician full time who was almost continuously moving around the coun- 
try and collecting the samples from long-term trapping sites. All samples were collected into 95% 
ETOH for potential DNA analysis. During the off-season (April until October), the field crew was 
trained to sort arthropods to order, and in some cases to family. Sorted samples were then shipped 
to San Francisco where further sorting took place before reshipping specimens to collaborators. 
There are now approximately 105 collaborators identifying and further sorting specimens. The 
Schlinger Malaise traps, as opposed to the other traps, were in continuous operation for several 


‘ PLATE 1 


A. Allaudinella bivittata (Macquart); B. Dimorphia cognata (Robineau-Desvoidy); C. Deltotus facetus Séguy; D. 
Dichaetomyia (Dichaetomyia) scutellata (Séguy); E. Deltotus viola Zielke: F. Neomyia setulosa (Zielke); G. Spilogona ful- 
vipollinosa, new species: H. Helina carpiae, new species. 
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years. By mid-2005 all samples had been sorted and sent to San Francisco, except for 1200 Malaise 
trap samples. It is expected to take another two years for all of these samples to be sorted. 

A Biota database has been created to store information about the specimens. Each “block” of 
specimens receives a lot number, and individual specimens receive an individual code number. 
Taxonomic information about each specimen is recorded in the database down to the lowest level 
available, i.e. family, subfamily, genus, species, etc. A code number is assigned to each collecting 
event and this, along with locality information, is entered into a Microsoft Word file, so that many 
locality labels can be prepared quickly and easily. 

The localities where collecting was carried out were carefully planned beforehand after con- 
sultations with other field biologists working in the area and the study of geological and vegetation 
maps. At the end of the project, the database will be used to reassemble the arthropod faunal com- 
ponents and to prepare detailed maps of distributions and faunal “hotspots”. These will be used to 
argue the case to the Malagasy government for new conservation areas and for the stronger protec- 
tion of existing areas. 


RESULTS 


The Muscidae 


About 1800 specimens have been studied during the preparation of this paper. The material is 
basically that collected during the Madagascar project. Additional material collected beforehand, in 
1998 and 1999, during the “Schlinger Foundation Madagascar Expedition’, was also examined. 

Muscid flies had to be sorted from mixed Diptera samples, dried, pinned and labelled before 
being studied. 

All material studied will be deposited in the collection of the California Academy of Sciences, 
San Francisco, California (CAS), with a few specimens deposited in the Museu Nacional, Rio de 
Janeiro, Brazil (MNRJ) and The Natural History Museum, London, UK (BMNH). Some material 
in the Natal Museum, Pietermaritzburg, South Africa (NMSA) and the Muséum National d’ Histoire 
Naturelle, Paris, France (MNHNP) has also been listed, for the sake of completeness. 

The holotypes of the new species are also deposited in the CAS collection; some paratypes, 
when possible, have been referred to the MNRJ and BMNH collections. 

Dissected terminalia have been placed in glycerine in a microvial pinned with the respective 
specimen. 

Colour photos were made using Syncroscopy/JVC Auto-Montage with a Leica M 420 optical 
microscope, the drawings were made with an optical microscope Olympus CH-2 fixed with a cam- 
era lucida. 

The terminology follows McAlpine (1981), and for the special characters of Atherigona, such 
as the trifoliate process, we follow Pont (1986a) and Pont and Magpayo (1995). 

Some Madagascan muscid types described by Zielke (1974) and deposited in the CAS collec- 
tion were also examined and information about them is included in this paper: Annaria scutellaris 
(now = Dichaetomyia rangeri Zielke) (Type no. CAS 11871), Annaria harlekini (now Dichaetom- 
yia harlekini) (Type no. CAS 11870), Graphomya rossi (Type no. CAS 11874) and Limnophora 
rossi (Type no. CAS 11883). 

In several instances, identifications were confirmed by A.C.P. by comparison with identified 
specimens in the Natural History Museum (London, U.K.) and the Museum fiir Naturkunde of the 
Humboldt-Universitat (Berlin, Germany). 

For each genus recorded from Madagascar, we give a brief diagnosis, a key for the identifica- 
tion of the Madagascan species (including our new species as well as the new records), and brief 
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comments on the state of our taxonomic knowledge in the Afrotropical region and in Madagascar. 
Several of the keys have been adapted from Emden (1939, 1940, 1951), Couri and Pont (1999), 
Carvalho and Couri (2002), Zumpt (1973), and others. 

The classification follows Pont (1980, 1986b), with the more recent synonyms in the 
Coenosiini proposed by Couri and Pont (2000) as follows (junior synonyms in parentheses): 
Coenosia Meigen (= Tenuicosta Stein) and Lispocephala Pokorny (= Pectiniseta Stein). We have 
followed Pont (1986b) in considering Ophyra Robineau-Desvoidy to be a junior synonym of 
Hydrotaea Robineau-Desvoidy, although recent opinions have been divided about this (Schuehli et 
al. 2004: Savage and Wheeler 2004; Carvalho et al. 2005). References to the original descriptions 
of the genera and species, together with details of synonymy and geographic distribution, will be 
found in the Catalogue of the Diptera of the Afrotropical Region (Pont 1980) and are not repeated 
here. 


Key to the Madagascan Genera of Muscidae 


The key includes all the genera now known to be present in Madagascar, in the sense in which 
they are treated here. The numbers of species in the key are the numbers now known from 
Madagascar, including the new species and the new records. 


— 


. Proboscis usually elongated, strongly sclerotized, modified into a piercing organ; palpus less 
than half the length of proboscis; arista with long hairs on the dorsal surface and bare on the ven- 
tral surface or, at most, with 3-4 ventral hairs; prosternum and anepimeron setulose; 2 species 

= 0 5 0-0.6°0. Suthds Sea aaa an os nee are aa MA al ROL Re: UL Om nena Stomoxys Geoffroy 
Proboscis retractile, not modified into a piercing organ, weakly or moderately sclerotized; 
prosternum and anepimeron setulose or bare; arista bare, pubescent or plumose, pectinate only 
EERIE ALC OTS DOCEDRGLAPECHNALG stant teenth ee ON AAS eS 2 

2. Head angular in profile; antenna long and inserted above mid-level of eye (Fig. 1); presutural 

dorsocentral setae very short and fine, almost indistinct from the ground-setulae; 1 species in 

subgenus Acritochaeta and 13 species in subgenus Atherigona, total 14 species 
ER ee eee Cos EEE a ee oe Te AED: Ble ORY, Atherigona Rondani 
Head shape not as above; antennal insertion below mid level of eye; presutural dorsocentral setae 


well developed or not differentiated from the ground-setulae.........................-. 3 
SP MEL ESET CT OMS CLULO SCAT Gar tee Tete e hee Lee ees PEN ee Men Rete Dae ELNED YEN aS, ERLE ene 4 
me PAA HOM ND ATs cee nen Pets d ie PENNDSS EADS EY SED IGE Alig Cok MMT GDM eh cn A Ne ASR Riba eed Aan 11 


4. Lower calypter of the Musca-type, i.e. the inner margin at first following the margin of the scutel- 
lum then diverging suddenly outward into the more or less broadly truncated apical margin . . 5 
Lower calypter of the Phaonia-type, i.e. the inner margin diverging immediately and at right- 
angles from the supra-squamal ridge, and tongue-like in shape ....................5000- 9 

. Palpi yellow; tibiae yellow; antennae orange, flagellomere sometimes infuscated towards tip; 
arista short-plumose, the longest individual hairs equal to width of antennal flagellomere; stem- 


Nn 


vein bare; female without proclinate orbital setae; 2 species......... Alluaudinella Gigho-Tos 

Palpi black; legs entirely black; antennae black; the other characters not present in combination 

So tnb COE Dee dct eacati gga CIERRA Cee pe te orga ater eee ear ea Eons ee Ab aac ar.6 6 
6. Body shining metallic green or blue; mid tibia with a strong ventral seta ................. 7 

Body black or bluish-black, not metallic shining green or blue; mid tibia without a ventral seta 

TEV EMEP ACM M5IAEl shel WILT WAT Bs AEN ACG: id 3 SAR MUNN E, SAS AEST ie OM Sea Sn WGN CEN che 8 
7. Suprasquamal ridge setulose (Fig. 2); infra-alar bulla setulose; 3 species 


Le EL Lotgesectatr cals ERE EE OE ER ar en en ee Neomyia Robineau-Desvoidy 
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Suprasquamal ridge and infra-alar bulla bare; 2 species ......... Pyrellia Robineau-Desvoidy 
8. Vein M with an angular forward bend towards vein R4,5 (Fig. 4); 2 species in subgenus Byomya; 
1 species in subgenus Eumusca; | species in subgenus Musca; total 4 species . Musca Linnaeus 
Vein M with a smoothly rounded forward curve towards vein Ry,5 (Fig. 5); 2 species 
ry ee rear reat) SER EERE NS Jo ORS, CaS Sao Morellia Robineau-Desvoidy 
9. Palpus greatly enlarged in apical part, spoon-like; parafacial with setulae; prosternum bare; 15 
SPECICSINR Peete rete ar taess Es SONS es ee BS ee Ce Lispe Latreille 
Palpus not enlarged, narrow; parafacial bare; prosternum setulose...................2-- 10 
10. Vein R1 bare dorsally; 2, 3 or 4 pairs of postsutural dorsocentral setae; male cercal plate with- 
out spines, with normal setae and setulae; female frons without proclinate orbital setae; 19 
S[DOCIES owns Rin ae gins aA IS Oe Ea PR OREN EP SAREE ER GEA Dichaetomyia Malloch 
Vein R1 with setulae along dorsal surface; 2 pairs of postsutural dorsocentral setae; male cercal 
plate with 2 marginal spines (Fig. 3) (male of D. facetus unknown); female frons with a pair of 
prockinateoroital:setacs 3 Species. 22 coe oc ae eee ae ce ee Deltotus Séguy 
11. Hind coxa with setulae present on posterior apical margin; | species (not identified) 
Rg SR se Bitsy SE Sas Suis Susp ese cuacy Ree It stein a AUN OE anc Ree Azelia Robineau-Desvoidy 
Hind coxa bare on postenorapical margin: j26 025542... 466. on. ee eee 1 
12. Wing with the subcosta running in a smooth even curve from humeral cross-vein to costa; body 
colour metallic black, blue or green; gena with or without a strong differentiated upcurved seta; 
female ocellar triangle shining, long or short, almost reaching lunula, and frons with a pair of 
proclinate orbital setae and inclinate interfrontal setae; 2 species 
Be Ca ed on Cae eae ea ara Le er eres eR rare ee vata Seder Hydrotaea Robineau-Desvoidy 
Wing with the subcosta with a slightly sinuous course from humeral cross-vein to costa, not 
smoothly bowed; body colour usually not metallic black, blue or green; gena without a differen- 
tiated upcurved seta; female ocellar triangle usually short, and frons without proclinate orbital or 


inclinate anterirontal setae...) 5s. waders actin seo Bee oe ee 13 
13. Wing with at least one setula on ventral surface of Rs node or base of Ry4,5 (the Madagascan 
Phaonia described here with. ventral setulae:on base of R45)... <=... 02+.) - ee eee 14 
Wing without setulae on ventral surface of Rs node or base of vein Ry,s5............-2---- 19 


14. Prosternum with lateral setulae; prealar seta absent; 9 species 
BA In eee SE EN UE aha Beene GR ced Bone: Limnophora Robineau-Desvoidy 
Prosternum bare or only with 1—2 setulae on either side; prealar seta present or absent ..... IS 
15. Anterior katepisternal seta absent; lower calypter, truncated, of the Musca-type (see above, cou- 
plet 4a); vein R4,5 without dorsal setulae; 1 species......... Graphomya Robineau-Desvoidy 
Anterior katepisternal seta present; lower calypter not broad and truncated, tongue-shaped, of the 
Phaonia-type (see above, couplet 4b); R4,; with a few dorsal setulae basally............. 16 
16. Veins Sc, Rs and M setulose, usually as follows: vein R before humeral cross-vein, on both sur- 
faces; on the basal part of Sc, on both surfaces; ventral surface of R4,; almost to cross-vein r-m; 
on both surfaces of M to beyond cross-vein dm-cu; and on ventral surface of Cu; 1 species 
etre ee me Pee eee ORS 8d ape 5 2 bald iy a cra es ae to eee Dimorphia Malloch 
Wine veins not setulose as described.above: ....<.:... 2-2 .22525 «255052 oe 17 
17. Hind tibia with a strong posterodorsal seta (calcar) inserted at apical three-fourths; 2 species 
Be tek Shea aN ces 2 kee ert, ei MM, Galo: ge Bek Salis tenn ae Phaonia Robineau-Desvoidy 
Hind tibia without a strong posterodorsal seta (calcar) inserted on apical three-fourths. ..... 18 
18. Dorsal surface of vein R4,; bare; prealar seta absent in male; presutural acrostichal setulae in 4 
more or less regular rows, those in outer rows longer and stronger; one well developed prostig- 
Miata Setar SPECIES T5528 US ee Soc, a ES Si ee Hebecnema Schnabl 
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Dorsal surface of vein R4,5 setulose; prealar seta present; presutural acrostichal setulae not 
arranged in 4 more or less regular rows; two well developed prostigmatal setae; 3 species 
5 2 oo 6 © ORs Cie hake atl rela a. Sarin eae ta hn ae bone Ske saeeera Ming Wear, Myospila Rondani 


Bresueurcl dorsocentral’ setae\present. palpi usually filitorm™... 4.255584). tee 20 
20. Proboscis with the labella not reduced and the prestomal teeth hardly developed, and premen- 
tum dusted; prealar seta present, but if absent then sternite 1 with setulae................ 21 
Proboscis with labella usually reduced and/or prestomal teeth strongly developed, and premen- 
lmeshining. undusted; prealar seta ‘absent; sternite 1) bares yeaa ae sae M3) 
21. Apical section of vein M distinctly curved forward towards vein R4,5; 3 pairs of presutural dor- 
socentral setae; arista plumose; | species (not identified) ............... Fraserella Steyskal 
Apical section of vein M straight or only slightly curved forward towards vein R4,5; never with 
Sepairs Ob presutural dorsocentrall setae; arista plumose or bare’. =. 37 7 ee a ee oe DD 
22. Arista bare; sternite | with many setulae near posterior margin; prealar seta absent; male eyes 
large in profile and occupying most of the head; 5 species................ Brontaea Kowarz 
Arista plumose, with the longest individual hairs longer than width of flagellomere; sternite | 
usually bare; male eyes in profile not unusually large; 6 species .. . Helina Robineau-Desvoidy 
23. Katepisternal setae 1+1—3; ovipositor of the Mydaea-type, short, with a spinose hypoproct . 24 
Katepisternal setae usually 1:1:1, placed at the angles of an equilateral triangle; ovipositor long, 
Se HESCLULOSEMY POPTOCE #0725) otiates wey wien oat, aucun ap a oe By cen noha eee eee ery he DD 
24. Arista bare; ground-colour black, entire body whitish dusted, and the head wholly white to sil- 
very-white; small species, wing-length about 3 mm, confined to the seashore; 1 species, this 
baxonnorpemaescnbed elsewhere’ a9." sec sie oe Chee eee tae Undescribed genus 
Arista plumose; ground-colour brown, with postpronotum yellow, body not entirely whitish dust- 
ed and head with at least interfrontalia not silvery-white; larger species, wing-length about 6 mm, 


Speciesiolimeanland forests; 1{SpeCieS: ona. se ea ce de Spilogona Schnabl 
Pin Omallskomrechinateorbital/setac’ (Fig. @)) skis aire ene cre cee ree te cae o elewraa deme tetera aren ire 26 
Sucsparsoterechmateorbitalisetac (Ee) kappa ages eae ae ele Cem ty hed ee 2) 
26. One pair of long presutural dorsocentral setae, sometimes preceded by a very short second pair 
PE et ete gh ee fey SO en sei ol ONG As Go ee oaetd, APO ny h cHiaueiings rena alee gat eda nn Seana ge 27 
Two pairs of more or less subequal presutural dorsocentral setae.................-.04-- 28 
27. Arista with long hairs on basal half (Fig. 6); scutellum with both basal and apical pairs of setae 
strong; fore tibia with one median seta on posterior surface; 1 species..... Pygophora Schiner 
Arista with hairs along its entire length; scutellum with only the apical pair of setae strong, fore 
tibia without one median seta on posterior surface; | species.............. Orchisia Rondani 
28. Ocellar setae short, hair-like; outer margin of eye emarginated on basal half; hind tibia without 
APOStELOVeEniLAl Seta: os speciesi (li notadentified)miaat 4 oe eyes oe se Cephalispa Malloch 
Ocellar setae long; outer margin of eye not emarginated on basal half; hind tibia with a pos- 
PERONEAL SCLAsD, SDCCIES 22) oe ence ce ee ctaese he ee eres ole ose, oh chee nic Lispocephala Pokorny 


29. Antennal flagellomere very long, reaching beyond epistoma, and profrons projecting (Fig. 8): 
frons much longer than wide; 2 pairs of strong postsutural dorsocentral setae; costa continuing 
ALONG Winetorapex Of vem Mealtspeciesh a. 4s. wo ees oo oe tae eens Anaphalantus Loew 
Antennal flagellomere not so long and not reaching epistoma, and profrons not projecting; frons 
moderately longer than wide; 3 pairs of strongpostsutural dorsocentral setae, except in C. nova 
in which the costa does not reach beyond the apex of vein Ry,5; 7 species . .. Coenosia Meigen 
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SYSTEMATICS 


Of the 78 species previously known to occur in Madagascar, 44 have been recognised among 
the material studied. Additionally, seven species are newly recorded from Madagascar and 23 
species are described as new to science; three genera are newly recorded from Madagascar. The 
Madagascan muscid fauna is now known to contain 117 species assigned to 30 genera of which 
55% of the species are endemic. 


New records: Species 
Atherigona (Acritochaeta) orientalis, Schiner, 1868 
Atherigona (Atherigona) addita Malloch, 1923 
Brontaea flexa (Wiedemann, 1830) 
Dichaetomyia (Panaga) albivitta (Stein, 1906) 
Helina lucida (Stein, 1913) 
Lispe niveimaculata Stein, 1906 
Lispocephala pectinata (Stein, 1900) 


New records: Genera 
Azelia Robineau-Desvoidy 
Phaonia Robineau Desvoidy 
Spilogona Schnabl 


New species 
Atherigona (Atherigona) nigridorsalis, sp. nov. 
Atherigona (Atherigona) quadriseta, sp. nov. 
Atherigona (Atherigona) variata, sp. nov. 
Brontaea differa, sp. nov. 
Cephalispa azurea, sp. nov. 
Cephalispa curta, sp. nov. 
Coenosia aberrans, sp. nov. 
Dichaetomyia (Dichaetomyia) nigra, sp. nov. 
Dichaetomyia (Dichaetomyia) tricolorata, sp. nov. 
Dichaetomyia (Panaga) colorata, sp. nov. 
Dichaetomyia (Panaga) flabellifera, sp. nov. 
Hebecnema humeralis, sp. nov. 
Helina flavomaculata, sp. nov. 
Helina carpiae, sp. nov. 
Helina grisella, sp. nov. 
Hydrotaea bella, sp. nov. 
Limnophora mesovittata, sp. nov. 
Limnophora triangularis, sp. nov. 
Lispe argentata, sp. nov. 
Phaonia plurivittata, sp. nov. 
Phaonia univittata, sp. nov. 
Pyrellia ampullacea, sp. nov. 
Spilogona fulvipollinosa, sp. nov. 


Eggs of the genus Stylogaster Macquart (Diptera, Conopidae) were found impaled mainly in 
the eyes, mesonotum and abdomen of a few specimens (Couri and Pont 2006). This genus is known 
to occur in North and South America, Africa south of Sahara, Madagascar, parts of Asia, the 
Philippines and New Guinea (Smith 1967). No attempt has been made to identify the species of 
Stylogaster involved. 
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Alluaudinella Giglio-Tos, 1895 


DIAGNosIs.— The genus includes moderate to robust and large flies, usually yellow to rufous, 
but blackish in ground-colour in A. stuckenbergi Paterson, 1960; eyes widely separated in both 
sexes, but less so in male than in female; palpus flattened, strap-like, with characteristic short blunt 
dorsal setae; lower calypter broad, of the Musca-type, truncated behind; vein M straight or only 
very slightly curved forwards; dorsocentrals 3+4; suprasquamal ridge and proepisternal depression 
bare; anepimeron setulose; katepisternals 1+2. [REF. Paterson 1960]. 

AFROTROPICAL FAUNA.— Alluaudinella is confined to the Afrotropical region and is known 
from 6 species. Paterson (1960) redescribed the genus and gave a key for the identification of all 
the species, which can be distinguished mainly by the colour patterns of the mesonotum. The genus 
is closely related to Aethiopomyia Malloch and Ochromusca Malloch, as all known species use 
dead or dying snails as a nutrient medium for their larvae (Paterson 1960, Pont and Dear 1976). The 
three genera appear as a monophyletic group in the cladistic analysis made by Couri and Carvalho 
(2003). 

MADAGASCAN FAUNA.— Two species are recorded from Madagascar, A. bivittata (Macquart, 
1843) and A. stuckenbergi Paterson, 1960, the latter endemic and known only from the male. Adults 
of A. bivittata are often seen on human faeces in the bush or in the forests to which the flies are 
restricted. The larvae are saprophagous, not parasitic, and the females oviposit on dead or moribund 
snails, especially of the genus Achatina (Paterson, 1960). Paterson (1960) unsuccessfully attempt- 
ed to induce females of A. bivittata to oviposit on healthy snails. Only A. bivittata was found among 
the material studied. 


Key to the Madagascan Species of Alluaudinella 


1. Dark species, mesonotum, pleura, scutellum and abdomen largely dark brown in ground-colour, 
with paler areas; mesonotum with a median vitta of pale dust (Madagascar) 
Ot CE ORO RIA eh Soe ae ee eee NES. any A. stuckenbergi Paterson 
Paler species, largely yellowish, with a pair of presutural elongated black spots on mesonotum 
along the dorsocentral row of setae, approximately between the first and second pairs (Mauritius, 
widespread east to southern Africa, Madagascar, Réunion, Seychelles) . A. bivittata (Macquart) 


MATERIAL EXAMINED: KNOWN SPECIES 


A. bivittata: MADAGASCAR: Toliara Province: Forét de Mite, elev. 75 m, 20.7 km 29° NWN Tongobory; 
23°31’27’S 44°7'17’E, pitfall trap—in gallery forest, 27 February—3 March 2002, Fisher, Griswold et al., col- 
lection code: BLF5848, 1 male, CASENT 3008894. Parc National d’ Andohahela, Tsimelahy, Parcelle II, elev. 
180 m, 24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 16—17 December 2002, M. Irwin, F. Parker, 
R. Harin Hala, collection code: MA-02-20-09, 1 female, CASENT 3010895. Mikea Forest, NW of Manombo, 
elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap in deciduous dry forest, 6-16 December 2001, Harin’ Hala, 
collection code: MA-02-18A-05, 1 male, CASENT 3010827. 4 km NW Manombo, 3—10 November 2003, R. 
Harin’ Hala and M.E. Irwin, 1 female, CASENT 8067653. Antsiranana Province: Forét de Binara, elev. 375 
m, 7.5 km 230° SW Daraina; 13°15’18”S 49°37’00’E, pitfall trap—tropical dry forest, 1 December 2003, B.L. 
Fisher, collection code: BLF9558, 1 male, CASENT 3008973; 1 female, CASENT 3008976 (MNRJ); 1 
female, CASENT 3008974; 1 female, CASENT3008975; Sakalava Beach, dwarf littoral forest, elev. 10 m, 
12°15’46”S 49°23’51”E, Malaise trap, across sand, 31 May—7 June 2001, R. Harin’ Hala, collection code: MA- 
01-048-11, 1 male, CASENT 3009857 (MNR3J); 1 female, CASENT 3009859; 1 female, CASENT 3009858. 
Parc National de Marojejy, elev. 2000 m, 25.4 km 30° NNE Andapa, 10.9 km 311° NW Manantenina, 
14°26'42”S 49°44’06”E, yellow pan trap—montane shrubland, 23 November 2003, B.L. Fisher, collection 
code: BLF9323, 1 female, CASENT 3008936. Toamasina Province: Maroantsetra, June, July and November 
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1959, 3 males, J. Vadon (MNHNP). Antsiranana Province: Nossi-Bé, H.R. villa, January 1952, 1 female, 
N.H.L.Krauss (BMNH). 


Anaphalantus Loew, 1857 


DIAGNosiIs.— Male dichoptic; frons parallel-sided, longer than wide, strongly projecting 
beyond eyes at the level of base of antenna (Fig. 8); one pair of reclinate orbital setae; antennal fla- 
gellomere very long, reaching beyond epistoma; labella reduced, prestomal teeth developed; arista 
bare; prealar seta absent; scutellum with two strong pairs of setae; both calypters of approximately 
the same size; anepimeron bare; dorsocentrals 1+3, the first postsutural usually very small; katepis- 
ternals 1:1:1. 

AFROTROPICAL FAUNA.— Only one species known, occurring only in the Afrotropical region, 
with a widespread distribution, including Annobon, Madagascar and Yemen: A. longicornis 
(Macquart, 1843). 

MADAGASCAN FAUNA.— A. longicornis can be recognized by the shape of the head with its 
intense golden pollinosity; thorax and abdomen dark shining; abdomen long and narrow. 


MATERIAL EXAMINED: KNOWN SPECIES 


A. longicornis: MADAGASCAR: Toamasina Province: Périnet (Parc Nacional Andasibe), December 1955, 
1 female, B.R. Stuckenberg (NMSA). 


Atherigona Rondani, 1856 


DIAGNOsIS.— This genus can be easily distinguished from all other muscid flies by the char- 
acteristically angular head, with long face and antennal flagellomere (Fig. 1); arista bare; one pair 
of reclinate orbital setae; palpus strongly differentiated between the two sexes; dorsocentral setae 
reduced; katepisternals 1+2; hind tibia without calcar; wing veins bare; adult male (sg. Atherigona) 
usually with a trifoliate process (Fig. 11) and a hypopygial prominence (Fig. 9); adult female with 
a pair of small anterior plates on tergite 8 of ovipositor. Small flies, uniform in general appearance 
and structure; general colour grey or yellowish-grey, with very short setae on mesonotum and legs. 
[REF. Deeming 1971 (for Nigerian species), Deeming 1979 (for Comoros Archipelago species), 
Deeming 1987 (for Malagasy species), Dike 1989, 1990 (for Afrotropical species), Pont 1986a (for 
Australian species), and Pont and Magpayo 1995 (for Philippine Islands species)]. 

AFROTROPICAL FAUNA.— Atherigona is a speciose genus known in the Afrotropical region 
from some 126 species, 14 of them belonging to the subgenus Acritochaeta Grimshaw and 112 to 
the subgenus Atherigona Rondani. Most of the Acritochaeta species are known to live in a wide 
range of decaying plant or animal material, being saprophagous or facultatively carnivorous, while 
the Atherigona s.s. species are of considerable economic importance as they are significant pests of 
cereal crops. In Africa, they have been found attacking sorghum, rice, wheat, maize, barley and var- 
ious millets. In this subgenus, the shape of the hypopygial prominence and trifoliate process are 
important characters for the identification of the species. 

MADAGASCAN FAUNA.— According to Pont (1980), only two species were known from 
Madagascar, but since that time Deeming (1987) has reviewed the species of the Malgasian subre- 
gion and has recorded 9 species from Madagascar: bimaculata Stein, 1910, contrastiloba Deeming, 
1987, bifurcata Deeming, 1987, matilei Deeming, 1975, trapezia Emden, 1940, madagascarensis 
Deeming, 1987, bedfordi Emden, 1940 (as humeralis Wiedemann, misidentification), humeralis 
(Wiedemann, 1830) (as ferruginea Emden, 1940), and laevigata (Loew, 1852). A. contrastiloba and 
A. bimaculata have been found in our material, and we here also record two species as new for 
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Madagascar (A. addita Malloch, 1923, and A. orientalis Schiner, 1868) and describe three new 
species. The key given below is for males only. It is no more than a guide to the identification of 
the species, which must always be confirmed by examination of the hypopygial prominence and tri- 
foliate process. 

The Madagascan Atherigona fauna will certainly be found to be much richer than this, and the 
present contribution must be considered as preliminary as there are still hundreds of specimens in 
CAS to be examined. 


Key to the Madacascan Species of Atherigona — Males 


1. Palpus elongate, flattened; presutural acrostichal setulae in 4—5 rows; without hypopygial promi- 
nence or trifoliate process. Subgenus Acritochaeta Grimshaw. (Nicobar Is., widespread 
Afrotropical region, including Cape Verde Is., Mauritius, Réunion, Madagascar, Rodriguez, 
Seychelles, South Yemen; also Canary Is., Middle East, Oriental and Australian Regions to 
Hawaii, southern Nearctic Region, northern Neotropical Region)........ A. orientalis Schiner 
Palpi short, club-like, strikingly swollen in apical part; presutural acrostichal setulae in 2—3 rows; 
hypopygial prominence and trifoliate process present. Subgenus Atherigona Rondani....... DZ 

cee ELTON (DURIG R igs clic ie Aa ete ae ane rs art i errs Beary alee Ie cats cesa igs bn tah hg 3 
EF ANENIRY CLOW gree ee Moreen ae he seas ate puede Rae a Cart Lem UT ee PERI Ara LCR STAC aut cL IARC an ae 4 

3. Fronto-orbital plates shining black, without trace of dust; wing with brown clouds on humeral 
cross-vein and on wing-margin between subcosta and vein R1; hypopygial prominence knob- 
like; ground-colour of abdomen yellow, with dark spots, tergite 4 with two extra lateral brown 
marks in addition to the usual lateral pair (widespread in the Afrotropical region, including 
MiagaAvaSCar Vi aunitUS SC VCHEMeS) 2. nee ee eee gels sey eo els ace A. bimaculata Stein 
Fronto-orbital plates weakly yellowish-grey dusted, subshining; wing with a trace of brown 
clouding apically and on cross-vein dm-cu; hypopygial prominence knob-shaped; dorsum of 
abdomen entirely black on tergites 1+2 to 5 (Madagascar)...... A. madagascarensis Deeming 
Fronto-orbital plates densely dusted; wing clear, without dark markings; hypopygial prominence 
bifurcate; ground-colour of abdomen yellow, with the usual paired spots on tergites 3 and 4 


METAR AV ASCAT) Reese oe eee are aU ie Hane MIR DRI Peat Matern enna Des A. quadriseta, sp. nov. 
PaniOntanvittaycuow- or halt-yellow and half-black P2040. 0.e0.) ee ee use oe eee >) 
Peo nidlavittanwnollyab lacks sere ee te chee meee ee erate Ue cen eR en IRR en RCN ee 8 
PeELOnraevittaranG tore femur whollysvellOWsr ce ecco: Hn a ee oe ee inner 6 
Frontal vitta yellow on anterior half or third, dark brown or black posteriorly.............. i 


6. Ground-colour of scutum and scutellum entirely dark; wing-tip narrowly and faintly infuscated; 
fore tarsus with long erect fine sinuous dorsal hairs, tarsomere 4 anteriorly concave on basal half, 
and convex and with a brush of fine sinuate hairs on apical half (widespread in the Afrotropical 
region, including Madagascar, Egypt, Israel) (humeralis of authors, misidentification) 

2 Go, Spt ath CR OSA eee AD A EL LAS SBS Sch ee BCE RA eM ORT Lg A. bedfordi Emden 
Ground-colour of scutum mostly yellow before suture and laterally, and scutellum also exten- 
sively pale; wing clear; fore tarsus without specialised chaetotaxy (widespread in the 
Afrotropical region, including Madagascar, also Canary Is., North Africa and Middle East) (fer- 


LCA: VEGTTG IAT per isece fo AL Ray EEE 7 Rt Re ie Pn RO ee A. humeralis (Wiedemann) 
7. Fronto-orbital plate and occiput dusted; hypopygial prominence bifurcate (Rodriguez, 
AAMAS ASC Ai) sents Lewin, Oba Ang ae Dh CUA Nal beet ee be Pus ay. Eaed atone eh Ace ited ee A. addita Malloch 


Fronto-orbital plate and part of occiput shining, without dust; hypopygial prominence rounded, 
knob-like (widespread in the Afrotropical region, including Madagascar, Comoros, Seychelles, 
also Arabian Peninsula, North Africa, Middle East) ................... A. laevigata (Loew) 
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8. Fronto-orbital plate shining, undusted; hypopygial prominence knob-like; trifoliate process black 
(Mada S aS Cals) age wet ree et te Satie, EEE TNA SE EEE SD A. nigridorsalis, sp. nov. 
Fronto=orbitalaplatedusted 2.2 oo Ke ee. OR SS ks SS 9 

9. Fore femur and fore tibia both entirely yellow; hypopygial prominence weakly bifurcate, the 
branches rounded; trifoliate process wholly black, the lateral plate with a distinct inner lobe 
(MadacasCann)Raerrcrera Aix aice ate enienea. Sime. © Shakti ebe ds: Css gaeaee ieee Sees a A. bifurcata Deeming 
Atleast tore tibia partly or mainly black 3.0 42.206 2222 o> ee oon ee ee 10 

10. Fore femur wholly yellow; hypopygial prominence bilobed; trifoliate process black, the shoul- 
der paler, lateral plate with a conspicuous inner lobe (West and East Africa, Madagascar) 
oe eee Bi vers aylticn Ma Porch tad ae Deseo we ays Save wey aaa A. matilei Deeming 
Rorestemuripartly, black...j25.!., 9.8 ss SSA Se Ud dan Se. ae Seo ee 11 

11. Fore femur with apical half black; hypopygial prominence bifurcate, each branch truncated, not 
rounded; trifoliate process with the median piece white, membraneous, and without any setulae 
at tip, the median piece narrow in lateral view (Madagascar) ....... A. contrastiloba Deeming 
Fore femur with apical two-thirds black; hypopygial prominence bifurcate, each branch rather 
pointed; trifoliate process with lateral plates and most of median piece black, the lateral plates 
Hamownulaterall views (Madacascan)r mac iharce iy ne in oe eee ee A. variata, sp. nov. 
Fore femur with a weak dark dorsal streak; hypopygial prominence broadly trapezoidal in out- 
line; trifoliate process black, the median piece rather broad in lateral view (widespread in the 
Afrotropical region, Madagascar, and perhaps Comoros)................ A. trapezia Emden 


MATERIAL EXAMINED: KNOWN SPECIES 


A. addita: MADAGASCAR: Toliara Province: Manderano, elev. 70 m, 23°31'39”S 44°5’18”E, Malaise 
trap, edge of marsh, 5 m from road, gallery forest, 23 June—28 July 2002, Frontier Wilderness Project, collec- 
tion code: MGF035, 1 male, CASENT 3009321; 1 male, CASENT 3009322; 1 male, CASENT 3009323 
(MNRJ); 23°3138”S 44°5’15”E, Malaise trap, gallery forest at edge of marsh near road, 22-29 May 2002, 
Frontier Wilderness Project, collection code: MGFO31, 1 male, CASENT 3008991 (MNRJ); 1 male, CASENT 
300889. Sept Lacs, elev. 120 m, 23°31'65”S 44°9’35”E, Malaise trap, gallery forest, 21-26 August 2002, 
Frontier Wilderness Project, collection code: MGFO38, | male CASENT 3009240. 

A. bimaculata: MADAGASCAR: Fianarantsoa Province: Parc National d’Isalo, 9.1 km, 354° N Ranohira, 
elev. 725 m, 22°28'54”S 45°27'42’E, collected at light, gallery forest, 27-31 January 2003, Fisher, Griswold 
et al., collection code: BLF7304, 1 male, CASENT 3009304. 

A. contrastiloba: MADAGASCAR: Toliara Province: Antafoky, elev. 60 m, 23°28’44”S 44°3’56’E, 
Malaise trap, gallery forest, 25—28 January 2002, Frontier Wilderness Project, collection code: MGFOO2, | 
male, CASENT 3009409; 1 male, CASENT 3009595; 1 male, CASENT 3009607; 1 male, CASENT 3009683; 
1 male, CASENT 3009611; 1 male, CASENT 3009610; 1 male, CASENT 3009613 (BMNH); | male, 
CASENT 3009419 (MNRJ). Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise 
trap, deciduous dry forest, 17-28 January 2002, R. Harin’Hala, collection code: MA-02-18A-11, 1 male, 
CASENT 3010083. Fianarantsoa Province: Parc National Ranomafana, radio tower at forest edge, elev. 1130 
m, 21°15’05”S 47°24’43”E, Malaise trap, mixed tropical forest, 15-21 December 2001, R. Harin’ Hala, collec- 
tion code: MA-02-09B-07, | male, CASENT 3010237; 1 male, CASENT 3009897. 

A. orientalis: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, radio tower at forest 
edge, elev. 1130 m, 21°15’05”S 47°24’43’E, Malaise trap, mixed tropical forest, 16 October-8 November 
2001, R. Harin’Hala, collection code: MA-02-09B-01, 1 male, CASENT 3009726; 1 female, CASENT 
3009725. Toliara Province: Ifaty, near Hotel Paradisia, in coastal dunes, elev. 9 m, 23° 10.78’S 43°37.01E, 
Malaise trap, vegetation in sand area, 26 May—S June 2002, R. Harin’Hala, collection code: MA-02-16-28, 1 
male, CASENT 3009800 (MNRJ); 1 female, CASENT 3009799. Mahafaly Plateau, 6.2 km, 74° ENE 
Itampolo, 24° 39’13”S 43°59’48’E, elev. 80 m, pitfall trap — in spiny forest thicket, 21-25 February 2002, 
Fisher, Griswold et al., collection code: BLF5763, 1 female, CASENT 3008962; 1 female, CASENT 3008963 
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(MNRJ); Ranobe, elev. 30 m, 23°02’22”S 43°36'37’E, Malaise trap — in spiny forest thicket, 5—9 February 
2003, Frontier Wilderness Project, collection code: MGFO58, 1 female, CASENT 3009203. Parc National 
d’ Andohahela, Forét d’Ambohibory, 1.7 km, 61° ENE Tsimelahy, 36.1 km 308° NW Tolagnaro, 24°55’48”S 
46°38'44’E, elev. 80 m, pitfall trap—in tropical dry forest, elev. 300 m, 16-20 January 2002, Fisher, Griswold 
et al.. collection code: BLF4915, 1 female, CASENT 3008958; 1 female, CASENT 3008959. Forét de 
Beroboka, 5.9 km, 131° SE Ankidranoka, 22°13’59”S 43°21'59’E, elev. 80 m, pitfall trap — in tropical dry 
forest, 21-25 February 2002, Fisher, Griswold et al., collection code: BLF6068, 1 female, CASENT 3009250. 


DESCRIPTIONS OF NEW SPECIES OF ATHERIGONA 
Atherigona (Atherigona) nigridorsalis Couri, Pont, and Penny, sp. nov. 


TyYPE.— Ho.otyPe: male, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Parc 
National Ranomafana, radio tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise trap, mixed 
tropical forest, 15-21 December 2001, R. Harin’ Hala, collection code: MA-02-09B-07, CASENT 3009823. 

DIAGNOsIS.— Males of A. nigridorsalis can be easily recognized by the general colour of the 
body; dark brown shining on dorsum, contrasting with the yellow postpronotal lobes; tergites 1+2 
and 3 also dark brown shining on dorsum, contrasting with the yellow lateral and ventral areas of 
abdomen; tergite 4 with two oblong spots very well marked and visible; median piece of trifoliate 
process linear, not curved (Fig. 17) and with 6 strong and short setae, 4 on apical margin and two 
longer subapicals (Fig. 18). 

MALE.— Length. Body: 3.0—3.5 mm, wing: 3.2—3.5 mm. 

HEAD.— Occiput, frons, ocellar tubercle and fronto-orbital plate shining dark brown; parafa- 
cial, face and gena yellow; 4-5 pairs of moderate frontal setae; parafacial and gena narrow. 
Antennae black, pedicel and arista shining dark brown, flagellomere long, almost reaching oral 
margin, measuring about 4 times the length of the pedicel. Palpi yellow. Proboscis relatively long 
and slender, with prementum glossy dark brown. 

THORAX.— Dorsum of mesothorax shining dark brown, with no trace of vittae; postpronotal 
lobe yellow; pleura with grey pollinosity, yellow around anterior spiracle and proepisternum. 
Presutural acrostichal setulae in 3-4 irregular rows. One strong and two weak proepimeral seta. 
Three katepisternal setae present. Scutellum with one long subbasal and one long apical setae. Legs 
mostly yellow; fore femur brown dorsally on apical fourth; fore tibia and tarsi brown; hind tibia yel- 
low to yellowish-brown. Fore femur without preapical excavation, with 3-5 posterodorsal setae on 
apical half, and one preapical posteroventral. Fore tibia without setae at middle, one anterodorsal 
and one posterodorsal preapical setae and a ventral apical. Fore tarsus elongated. Mid femur with 
one posterior preapical seta. Mid tibia with a median posterior seta and a long ventral apical. Hind 
femur with an anterodorsal and an anteroventral row of setae, the former more developed especial- 
ly on basal half. Hind tibia with one median anterodorsal, one submedian anteroventral and one 
submedian posterodorsal. Wing and calypters clear; cross-vein r-m distinctly before middle of cell 
dm; knob of halteres whitish-yellow. 

ABDOMEN.— Tergites 1+2 and 3 completely dark brown shining dorsally; tergite 4 with 2 
oblong lateral dark brown shining spots; rest of abdomen yellow. Tergites of normal proportions, 
and with normal sparse setulae. 

TERMINALIA.— Hypopygial prominence knob-like (Figs. 14 and 15); trifoliate process with 
stalk very long, about five times as long as lateral plate (Fig. 16); stalk and entire process dark 
brown, except for apex of stalk and apex of median piece which are a little lighter; lateral plates 
without inner lobe; median piece linear, only a little expanded at apex and with four strong and short 
spines at apical margin and 2 longer subapical ones (Figs. 17 and 18). 
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FEMALE.— Unknown. 

OTHER MATERIAL EXAMINED.— PARATYPES same data as holotype: | male, CASENT 3010221; 1 
male, CASENT 3009904 (MNRJ); 1 male, CASENT 3009900 (BMNH); 14-21 January 2002, R. Harin’ Hala, 
collection code: MA-02-09B-12, 1 male, CASENT 3009781; 1 male, CASENT 309811; 1 male, CASENT 
3009832. 

ETYMOLOGY.— The name is derived from the Latin word niger, meaning black or dark, and 
dorsum, meaning back, and refers to the shiny dark brown mesothorax of this species. 

DIscussIon.— In Deeming’s (1971) key, A. nigridorsalis will run to A. mirabilis Deeming, 
1971, from which it can be distinguished by the glossy brown ground-colour of the body and by the 
presence of strong spines at the apex of the median piece of the trifoliate process, whereas A. 
mirabilis has numerous short and fine white hairs apically and preapically on the median piece. 


Atherigona (Atherigona) quadriseta Couri, Pont, and Penny, sp. nov. 


TypE.— Ho otyre: male, deposited in CAS, labelled: MADAGASCAR: Toliara Province: Ifaty, near 
Hotel Paradisia, in coastal dunes, elev. 9m , 23°10.78’S 43°37.01’E, Malaise trap, vegetation in sand area, 26 
May-—S June 2002, R. Harin’ Hala, collection code: MA-02-16-28, CASENT 3009804. 

DIAGNOSIS.— A. quadriseta can be easily recognized among the Madagascan species by its 
brown palpi and the expanded apex of median piece of the trifoliate process, which bears four setae, 
of which the two median are curved outwards and the two lateral ones are long and straight (Fig. 
2D). 

MALE.— Length. Body: 3.2—3.5 mm, wing: 3.1—3.3 mm. 

HEAD.— Occiput and ocellar tubercle with grey pollinosity; frons dark brown; fronto-orbital 
plate, parafacial, face and gena yellowish with a little grey pollinosity; 4—5 pairs of moderately long 
frontal setae; parafacial and gena narrow. Antennae black, pedicel and arista brown; flagellomere 
long, almost reaching oral margin, measuring about 4 times the length of the pedicel. Palpi brown. 
Proboscis relatively long and slender, prementum glossy dark brown. 

THORAX.— Dorsum of mesothorax shining brown on some more or less extensive areas, espe- 
cially behind suture, and with grey pollinosity; postpronotal lobe yellow; some specimens with 
apex of scutellum yellow; pleura yellow with grey pollinosity. Presutural acrostichal setulae in 3-4 
irregular rows. One strong and two weak proepimeral setae. Scutellum with one long subbasal and 
one long apical setae. Three katepisternal setae present. Legs mostly yellow, except for the brown 
apical half or two-thirds of fore femur, fore tibia except base and all of the fore tarsi; hind tibia and 
tarsi somewhat yellowish-brown. Fore femur without preapical excavation, with 4—5 posterodorsal 
setae in apical half, and one preapical posteroventral. Fore tibia without setae at middle; one 
anterodorsal and one posterodorsal preapical seta and a ventral apical. Fore tarsus elongated. Mid 
femur with one posterior preapical seta; mid tibia with one median posterior. Hind femur with an 
anterodorsal row of setae, stronger on apical half; hind tibia with one median anterodorsal, one sub- 
median anteroventral and one submedian posterodorsal setae. Wing and calypters clear; knob of 
halteres whitish-yellow. Wing with cross-vein r-m distinctly before middle of cell dm. 

ABDOMEN.— Abdomen yellow with the following dark brown spots: tergite 1+2 with a faint 
more or less triangular median brown spot; tergite 3 with two high rectangular lateral spots, almost 
touching anterior and posterior margins of the tergite; tergite 4 with two roundish lateral brown 
spots on the posterior half. Tergites of normal proportions, and with normal sparse setulae. 

TERMINALIA.— Hypopygial prominence bifurcate (Figs. 19 and 20); trifoliate process with a 
moderately long stalk, about 3 times as long as lateral plate (Fig. 21); whole process dark brown; 
median piece very expanded at apex, with four apical setae, the two median ones curved outwards 
and the two lateral ones long and straight. (Figs. 22-23). 
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FEMALE.— Unknown. 

OTHER MATERIAL EXAMINED.— PAratyPEs labelled: MADAGASCAR: Fianarantsoa Province: Parc 
National Ranomafana, radio tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise trap, mixed 
tropical forest, 15-21 December 2001, R. Harin’Hala, collection code: MA-02-09B-07, 1 male, CASENT 
3009867; 1 male, CASENT 3009873; | male, CASENT 3009878 (BMNH); 1 male, CASENT 3009880 
(MNRJ); 1 male, CASENT 30010230; 1 male, CASENT 30010213; 1 male, CASENT 3009871; 1 male, 
CASENT 3009896; 1 male, CASENT 3009903 (MNRJ). Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 
47°25.21’E, Malaise trap, secondary tropical forest, 14-21 January 2002, R. Harin’ Hala, collection code: MA- 
02-09C-12, 1 male, CASENT 3009826; 1 male, CASENT 3009854; 1 male, CASENT 3009820: 1 male, 
CASENT 3009815; 1 male, CASENT 3009827; 1 male, CASENT 3009808 (BMNH). Mahajanga Province: 
Pare National de Namoroka, 17.8 km, 329° WNW, Vilanandro, elev. 100 m, 16°22’36”S 45°19’36”E, Malaise 
trap, tropical dry forest, 8-12 November 2002, Fisher, Griswold et al., collection code: BLF6508, 1 male, 
CASENT 3010040. 

ETYMOLOGY.— The name is derived from the Latin word quadri, meaning four, and seta, 
meaning bristle, and refers to the median piece of the trifoliate process with its four strong setae. 

Discusston.— In Deeming’s (1971) key, A. quadriseta will run to A. torrida Deeming, 1971, 
from which it can be separated by the bifurcate hypopygial prominence and the expanded apex of 
the median piece of the trifoliate process, with 4 strong setae. 


Atherigona (Atherigona) variata Couri, Pont, and Penny, sp. nov. 


TyYPE.— Ho ortype: male, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Parc 
National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’, Malaise trap, secondary 
tropical forest, 14-21 January 2002, R. Harin’ Hala, collection code: MA-02-09C-12, CASENT 3009856. 

DIAGNOsiIs.— The male of A. variata can be distinguished by the very slender and long medi- 
an piece of the trifoliate process, with basal half brown and apical half entirely white and membra- 
neous (Fig. 28). The shape of the hypopygial prominence, with the processes widely separate at 
base, will also assist with its recognition. 

MALE.— Length. Body: 3.5 mm, wing: 3.3 mm. 

HEAD.— Occiput and ocellar tubercle with grey pollinosity; frons dark brown; fronto-orbital 
plate, parafacial, face and gena grey pollinose; 4—5 pairs of moderate frontal setae; parafacial and 
gena narrow. Antennae black, pedicel and arista brown; flagellomere long, almost reaching oral 
margin, measuring about 4 times the length of the pedicel. Palpi yellow. Proboscis relatively long 
and slender; prementum glossy brown. 

THORAX.— Dorsum of mesothorax grey pollinose, with one median vitta and a pair of lateral 
vittae along the dorsocentral rows of setae; postpronotal lobe yellow; pleura yellow with grey polli- 
nosity. Presutural acrostichal setulae in 3-4 irregular rows. One strong and two weak proepimeral 
setae. Three katepisternal setae present. Scutellum with one long subbasal and one long apical setae. 
Legs mostly yellow, except for the apical dorsal two-thirds of fore femur and apical half of fore tibia 
which are brown; hind tibia and tarsi somewhat yellowish-brown. Fore femur without preapical 
excavation, with 4 posterodorsal setae in apical half, and one preapical posteroventral. Fore tibia 
without setae at middle; one anterodorsal and one anteroventral preapical seta and a ventral apical. 
Fore tarsus elongated. Mid femur with one posterior preapical seta; mid tibia with one median pos- 
terior. Hind femur with an anterodorsal row of setae; hind tibia with one median anterodorsal, one 
submedian anteroventral and one submedian posterodorsal setae. Wing and calypters clear; knob of 
halteres whitish-yellow. Wings with cross-vein r-m distinctly before middle of cell dm. 

ABDOMEN.— Abdomen yellow with the following dark brown spots: tergite 1+2 with a faint 
more or less triangular median brown spot; tergite 3 with a very faint linear median vitta and two 
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elongated well marked laterals; tergite 4 with two round laterals. Tergites of normal proportions, 
and with normal sparse setulae. 

TERMINALIA.— Hypopygial prominence with processes widely separate at base (Figs. 24 and 
25); trifoliate process with a moderately long stalk, about 3 times as long as lateral plate (Fig. 26); 
stalk and lateral plate dark brown; median piece slender and longer than lateral plate, black on basal 
half and completely white and membraneous on apical half (Figs. 27 and 28). 

FEMALE.— Unknown. 

OTHER MATERIAL EXAMINED.— ParatyPE labelled: MADAGASCAR: Toliara Province: Antafoky, 
elev. 60 m, 23°28’44”S 44°3’56”E, Malaise trap, gallery forest, 25-28 January 2002, Frontier Wilderness 
Project, collection code: MGFO02, | male, CASENT 3009612. 

ETYMOLOGY.— The names comes from the Latin word varius, meaning different, and refers 
to the colour pattern of the median piece of the trifoliate process, which is black basally and white 
apically. ; 

DISCUSSION.— In Deeming’s (1971) key, A. variata will run to A. soccata Rondani, 1871, and 
both species have similar hypopygial prominence with the lobes widely separated at bases; but the 
median piece of the trifoliate process, black on basal half and completely white and membraneous 
on apical half in the new species, is very different from that of A. soccata. 


Azelia Robineau-Desvoidy, 1830 


DIAGNOsIS.— Male holoptic; eyes bare; arista very short pubescent; female with cruciate inter- 
frontal and proclinate orbital setae; prosternum bare; anepimeron bare; katepisternals 1+1; M 
straight; mid tibia without ventral seta; hind coxa with setulae on posterior apical surface; hind tibia 
without a calcar; distiphallus with apical part of juxta spinulose; ovipositor long, with narrow ter- 
gites. 

The larvae live in mammal dung and are facultative carnivores, the final larval instars preying 
on other small larvae in the substrate. 

AFROTROPICAL FAUNA.— There is only one Afrotropical species, known from Uganda. 

MADAGASCAN FAUNA.— Only one unnamed species is known from Madagascar. 


MATERIAL EXAMINED: UNNAMED SPECIES 


MADAGASCAR: Antananarivo Province: Ankaratra massif, Manjakatompo forest station, January 1956, 
1 female, B.R.Stuckenberg (NMSA). 


Brontaea Kowarz, 1873 


DIAGNOsIS.— Prealar seta absent; arista almost bare, with the longest individual hairs shorter 
than its basal diameter; dorsocentrals 2+4; prosternum and anepimeron bare; katepisternals 1+2; 
vein M slightly curved upwards at apex; wing-veins bare; posterior spiracle with bare margins; hind 
tibia with one short submedian anterodorsal seta and usually a short anteroventral, calcar absent; 
sternite | with several stiff setulae laterally; female ovipositor and egg of the “Mydaea-type”’. 

The larvae live in dung of various kinds, where they are obligate carnivores. 

AFROTROPICAL FAUNA.— Brontaea is represented in the Afrotropical Region by 22 species and 
is widespread throughout the region, including Madagascar, Mauritius, Réunion, Cape Verde Is., 
Canary Is., Comoro Is. 

MADAGASCAN FAUNA.— Only three species of Brontaea have been recorded from Madagascar: 
B. gentilis (Robineau-Desvoidy, 1830), B. tonitrui (Wiedemann, 1824) and B. versicolor (Stein, 
1906). B. flexa (Wiedemann, 1830) is recorded for the first time from Madagascar and B. differa 
new species is described. 
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Key to the Madacascan Species of Brontaea (modified from Emden 1951) 


1. Mesonotum with an Anthomyia-pattern, i.e. grey dusted with a pair of black presutural spots, 
which may or may not be fused, and a black transverse postsutural band; legs mainly to wholly 


BUR peers cores Shs saps gePet Dh Sa a wb DAE NE ie MS acre es tte Lh RR Ba y 
Mesonotum with a different colour pattern, without a black transverse postsutural band; legs with 
MCAS MINE MIDI ae Ay ClLOW Mask g 5 Sesser atey xo wldcaesur br alot poeta aaa Sa eee gat ARENAS bbb dhl) MRO iape a, - 


2. Presutural mesonotal spots fused only at neck; vein M strongly upcurved and sigmoid at apex 
(widespread in Afrotropical Region, including Madagascar and Comoro Is.) 
rey etiais oss wh abet, Gy thas tvs ope ye aves tay iosl fovatiaraee ame itd saa ceiny, B. versicolor (Stein) 
Presutural mesotonal spots broadly fused; vein M slightly to moderately upcurved at apex .. . 3 
3. Vein M slightly upcurved and not sigmoid at apex; hind marginal bands on abdominal tergites 3 
and 4 uninterrupted or only very narrowly interrupted in middle and fused with the small paired 
paramedian spots of the anterior margin (Mauritius, Ethiopia, Madagascar, Malawi, 
Mozambique, Nigeria, Réunion, perhaps Rodriguez, Socotra, perhaps D.R. Congo) 
Pe re feed hed TON Senlenat BE Seah es Ch ay B. gentilis (Robineau-Desvoidy) 
Vein M moderately upcurved and sigmoid at apex; hind marginal bands on abdominal tergites 3 
and 4 broadly interrupted in middle by pale dust; the paramedian spots short and roundish (wide- 
spread in the Afrotropical Region, including Madagascar, Mauritius, Réunion; Canary Is.; 
Oriental Resion to Taiwan and Malaysia)) 4:\.- ..c60s cancers = oo 4- B. tonitrui (Wiedemann) 
4. Lower calypter enlarged, of the Musca-type, both calypters whitish with yellow margins; 
Katepisternals 1+1; ocellar triangle golden-yellow, long, reaching lunula; abdominal tergites 3 
and 4 with round brown lateral spots (widespread in the mainland Afrotropical region, 
Madagascar_laiwans India, Okinawals.) inc. 2 4. ate ete iae oe ae eee B. flexa (Wiedemann) 
Lower calypter not enlarged, of the Phaonia-type, both calypters a little brownish, at least the 
upper one with brown margins; katepisternals 1+2; ocellar triangle short; abdomen brown with- 
out brown spots on tergites 2 and 3; tergites 1+2 and 3 yellow in males and tergite 1+2 yellow 
iplemialess (Madagascan) byte. 5 mpcydeaicasies Grek deel AeA A Se ue B. differa new species 


MATERIAL EXAMINED: KNOWN SPECIES 


B. flexa: MADAGASCAR: Toliara Province: Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 
43°28.53’E, Malaise trap—in deciduous dry forest, 4-14 December 2003, R. Harin’ Hala, collection code: 
MA-02-18-76, 1 female, CASENT 3010509; 1 female, CASENT 3010502. 

B. gentilis. MADAGASCAR: Toamasina Province: dct [District of] Mananara, Ivontaka, 15 m, 10-14 
March 1958, 1 male | female, B-.R. Stuckenberg (NMSA). 

B. tonitrui: MADAGASCAR: Toamasina Province: dct [District of] Mananara, Ivontaka, 10-14 March 
1958, 2 males 2 females, B.R. Stuckenberg (NMSA, BMNH). Toliara Province: dct [District of] 
Ambovombe, Beloha, 175 m, 20-21 February 1957, | female, B.R. Stuckenberg (NMSA). 

B. versicolor. MADAGASCAR: Toamasina Province: Périnet (Parc Nacional Andasibe), 1 female 
(NMSA). Antananarivo Province: Ankaratra massif, Manjakatompo forest station, January 1956, | female, 
B.R. Stuckenberg (NMSA). Fianarantsoa Province: Vakoana, Andringitra Ambalavao, 1520 m, 21—24 
January 1958, 2 males 1 female, B.R. Stuckenberg (NMSA). Plateau Soaindrana, Andringitra Ambalavao, 
2060 m, 14-17 January 1958, 1 female, B.R. Stuckenberg (NMSA). 


DESCRIPTIONS OF NEW SPECIES OF BRONTAEA 
Brontaea differa Couri, Pont, and Penny, sp. nov. 


TyPpE.— Ho orype: male, deposited in CAS, labelled: MADAGASCAR: Antsiranana Province: Parc 
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National de Marojejy, Manantenina River, 28.0 km 38° NE Andapa, 8.2 km 333° NNW Manantenina, elev. 
450 m, 14°26'12”S 49°46’30’E, Malaise trap—rain forest, 12-15 November 2003, B.L. Fisher et al., collec- 
tion code: BLF8723, CASENT 3010152. 

DIAGNOSIS.— Dorsum of mesonotum dark brown with yellow pollinosity laterally and on 
scutellum; postpronotum grey pollinose; both calypters a little brownish, the upper one with brown 
margins; abdomen dark brown, with tergites 1+2 and 3 yellow in males and only tergite 1+2 yel- 
low in females; abdomen brown without brown spots on tergites 2 and 3; tergite 1+2 yellow 

GENERAL COLOR.— Ground-colour brown. Head with frons brown; fronto-orbital plate and 
gena silvery pollinose; antenna, arista and palpus brown. Mesonotum brown, with yellow pollinos- 
ity in some areas (more or less extensive in the series), especially laterally on mesonotum, parts of 
anepisternum, anepimeron and katepimeron. Calypters a little brownish, at least upper one with 
brown margins; haltere yellow. Spiracles yellow. Wing clear. Legs yellow, tarsi brown. Male 
abdomen with tergite 1+2 and 3 yellow and 4—5 brown, the ground setulae with very small dark 
bristle-dots at their bases; sternites yellow; abdomen of female similar, except that only tergite 1+2 
is yellow. 

MALE.— Length. Body: 5.6—6.0 mm, wing: 5.0—5.5 mm. 

HEAD.— Holoptic, eyes very close together, separated at vertex only by the diameter of ocel- 
lar triangle. Frontal row with 5-6 pairs of setae. Ocellar triangle short. Inner and outer vertical setae 
not developed; ocellar setae moderately long. Antenna inserted at mid-level of eye, with flagellom- 
ere about 2.8 times the length of pedicel. Palpus with long dorsal setae. 

THORAX.— Dorsocentrals 2+4; acrostichals in four rows, prescutellar pair well-developed; 1 
postpronotal; | presutural; 2 intra-alars; 1 supra-alar; 2 postsupra-alars. Notopleuron with two setae. 
Scutellum with one long basal and one long apical pair of setae, similar in length. Anepisternum 
with a series of 6 long setae. Katepisternals 1+2; some specimens with 1-2 setae close to the pos- 
terior one. Lower calypter about 1.8 the length of the upper. Wing veins bare. Fore femur with rows 
of posteroventral, posterodorsal, posterior and dorsal setae, those in posteroventral row longer and 
stronger; fore tibia with a preapical dorsal seta, and ventral and posteroventral apicals; mid femur 
with about 5 ventral setae on basal half and 2 posterior preapicals; mid tibia with one median pos- 
terior seta; with anteroventral, ventral and posteroventral apical setae; hind femur with a complete 
row of anteroventral and anterodorsal setae; hind tibia with a short median to submedian anteroven- 
tral and anterodorsal seta, dorsal preapical and one anteroventral apical. 

ABDOMEN.— Ground-setae moderately developed; without differentiated setae. Sternite 1 with 
lateral setulae. Sternite 5 with anterior membrane straight; anterior processes short (Fig. 29). 

TERMINALIA.— Cercal plate wider than high and surstyli large (Figs. 30 and 31). Aedeagus as 
in Figs. 32 and 33. 

FEMALE.— Length. Body: 5.5—6.3 mm, wing: 5.9-6.2 mm. Differs from male as follows: 
Frons at vertex about one-third of head-width; inner and outer vertical setae well developed; ocel- 
lar setae long; frontal row with 6—8 setae. Setae on abdomen much shorter than in male. 

OvipPosiroR.— Ovipositor long, with microtrichia along its entire length; tergite 8 with 6 long 
and strong setae (Figs. 34 and 35); spermathecae pyriform, as in Fig. 35. 

OTHER MATERIAL EXAMINED.— ParatyPEs as follows: same data as holotype, 1 female, CASENT 
3010142. Fianarantsoa Province: Ranomafana, JIRAMA, water works, 21°14.91’S 47°27.13’E, Malaise trap 
near river, elev. 690 m, 10—14 January 2002, R. Harin’Hala, collection code: MA-02-09D-11, 1 male, 
CASENT 300997856; 1 female, CASENT 3009974; 6-15 December 2001, collection code: MA-02-09D-06, 
| female, CASENT 3010483. Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, sec- 
ondary tropical forest, 14-24 July 2002, R. Harin’ Hala, collection code: MA-02-09C-35, 1 male, CASENT 
3010482; 1 female, CASENT 3010480 (BMNH); 22-28 November 2001, collection code: MA-02-09C-04, 1 
female, CASENT 3009735; 1 female, CASENT 3009736; 12-19 February 2002, collection code: MA-02- 
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09C-16, 1 female, CASENT 3009758; 26 February—4 March 2002, collection code: MA-02-09C-18, 1 female, 
CASENT 3010590 (MNRJ). Pare National Ranomafana, radio tower at forest edge, elev. 1130 m, 21°15’05”S 
47°24’43”E, Malaise trap, mixed tropical forest, 16 October-8 November 2001, R. Harin’Hala, collection 
code: MA-02-09B-01, 1 female, CASENT 3009721; 1 female, CASENT 3009719 (MNRJ); 14-21 January 
2002, collection code: MA-02-09B-12, 1 female, CASENT 3009794; 1 female, CASENT 3009787; 15-21 
December 2001, collection code: MA-02-09B-07, 1 female, CASENT 3010861 (BMNH). Vohiparara, at bro- 
ken bridge, elev. 1110 m, 21°13.57’S 47°22.19’E, Malaise trap in high altitude rainforest, 14-21 January 2002, 
R. Harin’ Hala, collection code: MA-02-09A-12, 1 female, CASENT 3010623; 19-26 February 2002, collec- 
tion code: MA-02-09A-17, 1 female, CASENT 3010458; collection code: MA-02-09A-09, 1 male, CASENT 
3010752. 

ETYMOLOGY.— The name comes from the Latin word differens, meaning dissimilar, and refers 
to the distinct colour pattern of the mesonotum. 

Discusston.— The previously recorded Madagascan species of Brontaea have an “Anthomyia- 
type” pattern on the dorsum of the mesonotum:; B. differa differs from all of them by its colour pat- 
term. 

B. tonitrui is represented in the CAS collection by one specimen from the Congo and seven 
from India, and B. versicolor by one specimen from the Congo. 


Cephalispa Malloch, 1935 


DIAGNOsIS.— Male dichoptic; posterior eye-margin emarginated in basal half; frons parallel- 
sided, longer than wide; prestomal teeth well-developed; prealar seta absent; two pairs of reclinate 
orbital setae; ocellar setae short, hair-like; 2 pairs of long presutural dorsocentrals, the first presu- 
tural pair very reduced in the two new species described here; anepimeron bare; katepisternals 
1:1:1, arranged in an equilateral triangle; both pairs of scutellar setae well developed (apical pair 
very reduced in C. curta, sp. nov.); wing veins bare, vein M straight at apex; hind tibia with a supra- 
median posterodorsal and anterodorsal seta, a strong median anterodorsal and a submedian 
anteroventral; abdomen of male lanceolate. 

Biology unknown. 

AFROTROPICAL FAUNA.— Only one unnamed species is recorded from the Afrotropical Region 
(Pont 1980), known only from Madagascar. 

MADAGASCAN FAUNA.— Two new species were found in our material and are described here. 
Both agree in all characters with the known Oriental species of Cephalispa, except for the rudimen- 
tary anterior presutural dorsocentral seta in both species and the weak apical scutellar setae in C. 
curta, Sp. nov. 


Key to the Madagascan Species of Cephalispa 


1. Frons dark brown; scutellum concolorous with thorax; apical pair of scutellar setae much short- 


enthan the veny lone basalipair (Madagascar). 355..-.2-.:-+2-se soe es C. curta, sp. nov. 
Frons reddish; scutellum yellow on at least apical two-thirds; apical pair of scutellar setae long, 
AMOWOT ISH DASAl alta (MAGDASASCAN) recon ra eee aerate eee ae C. azurea, sp. Nov. 


MATERIAL EXAMINED: KNOWN SPECIES 


No described Cephalispa was found among the material examined. 
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DESCRIPTIONS OF NEW SPECIES OF CEPHALISPA 
Cephalispa azurea Couri, Pont, and Penny, sp. nov. 


TYPE.— Ho orypre: female, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Parc 
National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary 
tropical forest, 14-21 January 2002, R. Harin’ Hala, collection code: MA-02-09C-12, CASENT 3009853. 

DIAGNOSIS.— This species is easily distinguished by the reduced pair of prescutellar dorsocen- 
tral seta; the reddish frons; the mesonotal colour pattern, with little bluish-grey pollinosity, more or 
less extensive yellow areas on postpronotum and anterior and lateral areas of dorsum of mesono- 
tum, and the almost wholly yellow scutellum. 

GENERAL COLOR.— Ground-colour brown, with little bluish-grey pollinosity, and more or less 
extensive yellow areas on postpronotum and anterior and lateral areas of dorsum of mesonotum; 
scutellum almost entirely yellow. Head with frons reddish; parafacial and ocellar triangle grey polli- 
nose from certain angles; face, fronto-orbital plate and gena yellowish-grey pollinose; antenna with 
pedicel yellow and flagellomere almost totally brown; arista brown; palpus yellow. Calypters 
whitish and hyaline; haltere yellow with whitish knob. Wing clear. Legs yellow. Abdomen brown 
with sparse bluish-grey pollinosity; tergite 1+2 with a median yellow spot. 

FEMALE.— Length: body: 4.3-4.5 mm; wing: 4.14.4 mm. 

HEAD.— Interocular space about one-third of head-width at level of anterior ocellus. Frontal 
row with 4 pairs of setae. Ocellar triangle long, reaching middle of frons or surpassing it. Inner and 
outer vertical setae short; ocellar setae short, hair-like. Antenna inserted slightly above mid-level of 
eyes, with flagellomere about 2.3—2.5 times as long as pedicel. Palpi filiform. 

THORAX.— Dorsocentrals 2+3, the first presutural pair very reduced, almost hair-like; acros- 
tichals in two irregular rows, prescutellar pair developed; | postpronotal; | presutural; 2 intra-alars; 
| supra-alar; 2 postsupra-alars. Notopleuron with two setae similar in length. Scutellum with one 
long basal and one long apical pair of setae, subequal in length. Anepisternum with a series of 3 
long setae, 2 in upper posterior corner and one in lower; with 3+4 fine and short setae between the 
second and the third. Katepisternals 1:1:1. Lower calypter about twice as long as the upper one. 
Wing veins bare. Fore femur with a row of sparse posteroventral and posterodorsal setae, with about 
5-7 setae in each row, those on posteroventral surface much longer; one long anterior seta in basal 
third; fore tibia with no median seta, a preapical dorsal seta and apical posteroventral and pos- 
terodorsal setae; mid femur with two anterior setae on middle third, 3-4 posteroventral setae in 
basal half, one preapical posterior seta and one short posteroventral; mid tibia with two posterior 
setae on middle third, ventral surface with a long and strong apical seta; hind femur with a sparse 
anterodorsal and anteroventral row of setae on basal two-thirds, one anteroventral and one 
anterodorsal on apical third; one posterodorsal preapical; hind tibia with two anterodorsal setae, one 
median long and one supramedian shorter; two posterodorsal setae, one median and one suprame- 
dian, similar in length, one submedian anteroventral; a long posterodorsal to dorsal seta on apical 
third; one posterodorsal preapical and one long and strong ventral apical. 

ABDOMEN.— Tergite 4 with a row of discal setae. Tergite 5 with a row of discal and marginal 
setae. 

OviposiToR.— Moderately long, tergites 6 and 7 very large (Figs. 36 and 37); spermathecae 
as in Fig. 38. 

EGccG.— As in Fig. 39. 

MALE.— Unknown. 

OTHER MATERIAL EXAMINED.— ParaTyPEs: same data as holotype, 1 female, CASENT 30010617. 
Parc National Ranomafana, Vohiparara, at broken bridge, elev. 1100 m, 21°13’57”S 47°22’19”’E, Malaise trap, 
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in high altitude rainforest, 26-31 March 2002, R. Harin’Hala, collection code: MA-02-09A-22, 1 female, 
CASENT 3009369; 14-21 January 2002, collection code: MA-02-09A-12, 1 female, CASENT 3010618. 

ETYMOLOGy.— The name comes from the French word azur, meaning blue, and refers to the 
bluish-grey pollinosity of the abdomen. 

Discussion.— The two new species described here have the first presutural dorsocentral pair 
of setae strongly reduced, which separates them from their congeners. The two species can be dis- 
tinguished by their general body colour, the length of the apical pair of scutellar setae, and by the 
chaetotaxy of mid femur. 


Cephalispa curta Couri, Pont, and Penny, sp. nov. 


TyYPE.— Ho otype: male, deposited in CAS, labelled: MADAGASCAR: Antsiranana Province: Parc 
National de Marojejy, Antranohofa, 26.6 km 31° NNE Andapa, 10.7 km 318° NW Manantenina; elev. 1325 m, 
14°26’36”S 49°44’36”E, yellow pan trap—montane shrubland, 18 November 2003, B.L. Fisher, collection 
code: BLF9081, 1 male, CASENT 3009045. 

DIAGNOsIS.— This species can be distinguished by the reduced pair of prescutellar dorsocen- 
tral setae and the very short pair of apical scutellar setae. 

GENERAL COLOR.— Ground-colour brown, grey pollinose. Head with frons brown; parafacial 
and ocellar triangle grey pollinose from certain angles; face, fronto-orbital plate and gena yellow 
pollinose; antenna and arista brown, flagellomere somewhat yellow in some specimens; palpus 
brownish-yellow to yellow. Mesonotum brown, with grey pollinosity; lateral margins of scutellum 
more or less extensively yellow. Calypters whitish and hyaline; haltere yellow with knob whitish. 
Wing clear. Legs yellow. Abdomen mostly brown dorsally and yellow laterally and ventrally, 
including sternite 5 and terminalia; tergite 1+2 yellow laterally in some males; posterior margins of 
all segments usually yellow; tergite 5 with two round dark brown spots. 

MALE.— Length. Body: 3.8-4.0 mm, wing: 4.0-4.3 mm. 

HeEAD.— Dichoptic; interocular space about one-third of head-width at level of anterior ocel- 
lus. Frontal row with 4 pairs of setae. Ocellar triangle long, reaching middle of frons or surpassing 
it. Inner and outer verticals short; ocellar setae short, hair-like. Antenna inserted slightly above mid- 
level of eye, with flagellomere about 2.3—2.5 times as long as pedicel. Palpi filiform. 

THORAX.— Dorsocentrals 2+3, the first presutural pair very reduced, almost hair-like; acros- 
tichals in two irregular rows, prescutellar pair developed; | postpronotal; 1 presutural; 2 intra-alars; 
1 supra-alar; 2 postsupra-alars. Notopleuron with two setae similar in length. Scutellum with one 
long basal pair of setae and one very short apical pair. Anepisternum with a series of 5 long setae. 
Katepisternals 1:1:1. Lower calypter about twice as long as upper one. Wing veins bare. Fore femur 
with a row of sparse posteroventral and posterodorsal setae, with about 5—7 setae in each row, those 
on posteroventral surface much longer; fore tibia with no median seta, a preapical dorsal seta and 
apical posteroventral and posterodorsal setae; mid femur with sparse setae (2—3) on basal third of 
anterodorsal, anteroventral and posteroventral surfaces, one median anterior seta; one preapical 
posterior and one posteroventral setae; mid tibia with two posterior setae on middle third, ventral 
surface with a long and strong apical seta; hind femur with a sparse anterodorsal row with about 
seven setae, 4-5 anteroventral and posteroventral setae on basal two-thirds, one anteroventral on 
apical third and one posteroventral preapical; hind tibia with two anterodorsal setae, one median 
long and one supramedian shorter; two posterodorsal setae, one median and one supramedian, sim- 
ilar in length, one submedian anteroventral; a long posterodorsal to dorsal seta on apical third; one 
posterodorsal preapical and one long and strong apical ventral seta. 

ABDOMEN.— Tergites 3 and 4 with one pair of lateral setae; tergite 5 with a row of about 4 dis- 
cal and marginal setae. Sternite 5 projecting, with large anterior processes (Fig. 40). 
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TERMINALIA.— Cercal plate small, surstyli with spines on internal margin (Figs. 41 and 42). 
Aedeagus as in Fig. 43. 

FEMALE.— Length. Body. 4.0-4.3 mm, wing: 4.0-4.4 mm. Similar to male. 

OvirosiTtor.— Moderately long, tergites 6 and 7 very broad (Figs. 44 and 45); spermathecae 
as in Fig. 46. 

OTHER MATERIAL EXAMINED.— ParATyYPES: same datas as holotype: 1 male, CASENT 3009050; 1 
male, CASENT 3009051; 1 male, CASENT 3009048; 1 male, CASENT 3009046 (BMNH); 1 female, 
CASENT 3009052; 1 female, CASENT 3009049 (BMNH). Antsiranana Province: Parc National de 
Marojejy, 25.7 km 32° NNE Andapa, 10.3 km 314° NW Manantenina, elev. 1575 m, 14°26’42”S 49°44’30’E, 
yellow pan trap—montane rainforest, 21 November 2003, B.L. Fisher, collection code: BLF9243, | male, 
CASENT 8078200; 1 male, CASENT 8078204; 1 male, CASENT 8078205; 1 male, CASENT 8078206; 1 
male, CASENT 8078207; 1 male, CASENT 8078203; | male, CASENT 8078208; | male, CASENT 8078209; 
1 male, CASENT 8078210; 1 male, CASENT 8078212; 1 male, CASENT 8078213; 1 male, CASENT 
8078216; 1 male, CASENT 8078225; 1 male, CASENT 8078218; 1 male, CASENT 8078219; 1 male, 
CASENT 8078222; 1 male, CASENT 8078224; 1 male, CASENT 8078223; 1 male, CASENT 8078233; 1 
male, CASENT 8078232; 1 male, CASENT 8078231; 1 male, CASENT 8078230; 1 male, CASENT 8078229; 
1 male, CASENT 8078228; 1 male, CASENT 8078226; 1 male, CASENT 8078227; 1 male, CASENT 
8078234; 1 male, CASENT 8078215 (MNRJ); 1 male, CASENT 8078220 (MNRJ); 1 male, CASENT 
8078211 (BMNH); | male, CASENT 8078202 (BMNH); | female, CASENT 80782021; 1 female, CASENT 
80782201; 1 female, CASENT 8078235; 1 female, CASENT 8078217 (MNRJ); 1 female, CASENT 8078214 
(BMNH). Fianarantsoa Province: Parc National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 
21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 12-19 February, R. Harin’Hala, collection 
code: MA-02-09C-16, 1 female, CASENT 3009776. Parc National Ranomafana, Vohiparara, at broken bridge, 
elev. 1100 m, 21°13’57’S 47°22’19”E, Malaise trap, in high altitude rainforest, 15-22 November 2001, R. 
Harin’Hala, collection code: MA-02-09A-03, 1 female, CASENT 3010050; 26-31 March 2002, R. 
Harin’ Hala, collection code: MA-02-09A-22, 1 female, CASENT 3009387; 1 male, CASENT 3009368; 6-15 
December 2001, collection code: MA-02-09A-06, 1 male, CASENT 3010003 (MNRJ); 1 female, CASENT 
3010008 (MNRJ); 1 female, CASENT 3010002. Radio tower at forest edge, elev. 1130 m, 21°15’05”S 
47°24’43”E, Malaise trap, mixed tropical forest, 14-21 January 2002, R. Harin’ Hala, collection code: MA-02- 
O9B-12, 1 female, CASENT 3009791. 

Discusston.— See the discussion under the previous species. 


Coenosia Meigen, 1826 


DIAGNOsIs.— Male dichoptic; one pair of reclinate orbital setae; frons parallel-sided, longer 
than wide; labella reduced, prestomal teeth well developed; prealar seta absent; lower proepimeral 
seta directed downwards; dorsocentrals 1+3 (rarely 2+3); anepimeron bare; katepisternals 1:1:1, 
arranged in an equilateral triangle; scutellum with both pairs of setae developed; lower calypter 
about 1.8 times as long as the upper one; hind femur with two preapical setae, one anterodorsal and 
one dorsal, the posterodorsal absent; hind tibia with one submedian anterodorsal seta and usually 
one anteroventral; median posterior or posterodorsal setae absent; sternite 1 bare; male hypandrium 
tubular; female ovipositor long and with many microtrichia. [REF. Curran 1935, Emden 1940]. 

Very few biologies are known (Skidmore 1985). The larvae are obligative carnivores, living in 
soil, humus, leaf litter, or decaying vegetation. 

AFROTROPICAL FAUNA.— Coenosia is the largest muscid genus occurring in the Afrotropical 
region, with 110 described species (Pont 1980). Species are found throughout the region, including 
Aldabra, Astove, Cape Verde Is., Madagascar, Seychelles. 

MADAGASCAN FAUNA.— Only six Coenosia species have been recorded from Madagascar (3 of 
them endemic): C. humilis Meigen, 1826; C. madagascariensis (Séguy, 1957); C. nova (Stein, 
1906); C. trichocnema Stein, 1913; C. nitidiventris Stein, 1906; and C. strigipes Stein 1916. C. 
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humilis and the latter two were found in our material. A highly aberrant Coenosia specimen was 
found in our material and is here described as a new species. 


Key to the Madagascar Species of Coenosia 


1. Katepisternal seta 1+2, the lower one placed below the upper posterior one and not equidistant 


from the upper two; proepimeral seta directed upwards (Madagascar)... .C. aberrans, sp. nov. 
Katepisternal setae 1:1:1, forming an equilateral triangle; proepimeral seta directed downwards 
«<6 6 oe CRBS Ie gS MAL IRI SNE Oa Iota WE is OA ERLE ICL sc Ra ary sng Sa ee NAY RR A eT Zs 
2. Costa short, not reaching beyond the tip of vein R4,5; 2 postsutural dorsocentrals; arista with 
SHonenains confined toutsibases (Madagascar) s.5 35. oe ce el eae ee ie C. nova (Stein) 
Costa, as usual, reaching to the tip of vein M; 3 postsutural dorsocentrals; arista with hairs along 
BESO MEIEE EI CI OCI ey pee ee Hh ac Cee oe eared tad aegis aay lh ae et aes 3) 
3. Mesonotum and abdomen shining black (Madagascar) ................ C. nitidiventris Stein 
Mesonotum and abdomen brown with grey pollinosity, not shining...................... 4 


4. Legs yellow, including coxae; arista very short plumose; flagellomere black (yellow in some 
males); small species, under 4 mm long (widespread in Afrotropical Region, including Aldabra, 
Astove, Cape Verde Is., Madagascar; Palaearctic Region)................. C. strigipes Stein 
Most of femora black, the tips sometimes pale; the other characters not all present together . . 5 

5. First presutural dorsocentral pair of setae more or less well developed, but not as long as second; 
arista pubescent, with some longer hairs on upper and median parts (Madagascar) 

Pere sya ban t s 1tGeL Stee Si Siicipees bias MASEL Atoms raed. C. madagascariensis Séguy 
Only one pair of presutural dorsocentral setae developed, arista with short hairs ........... 6 

6. Antenna short, not reaching epistoma; hind tibia without fine setae along entire length of ventral 

surface (widespread northeast to southern Africa, Madagascar, St. Helena, also occurring in 


Riolanciic-anGs Oriental IRCCIONS) on s.. socckess ankle tie eee carers cere C. humilis Meigen 
Antenna long, reaching epistoma; hind tibia on ventral surface with fine setae along its entire 
lemesimd Nadas aSCan) exci ser go ceic seca. der trnime Bic) Moletaty ac MR ay eset C. trichocnema Stein 


MATERIAL EXAMINED: KNOWN SPECIES 


C. humilis: MADAGASCAR: Fianarantsoa Province: Centre, Vakoana, Andringitra Ambalavao, 1520 m, 
21—24 January 1958, 1 male, B.R. Stuckenberg (NMSA). 

C. nitidiventris: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, radio tower at for- 
est edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise trap, mixed tropical forest, 14-21 January 2002, R. 
Harin’ Hala, collection code: MA-02-09B-12, 1 male, CASENT 3009778; 1 female, CASENT 3009780; 15-21 
December 2001, R. Harin’Hala, collection code: MA-02-09B-07, 1 female, CASENT 3009924, | female 
CASENT3009920. Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary 
tropical forest, 6-15 December 2001, R. Harin’Hala, collection code: MA-02-09C-12, 1 male, CASENT 
3010028; 26 February—4 March 2002, collection code: MA-02-09C-18, 1 female, CASENT 3010596; 1 male, 
CASENT 3010595: 1 male, CASENT 3010602 (MNRJ); 1 female, CASENT 3010598; 1 female, CASENT 
3010594 (MNRJ); 1 male, CASENT 3010593; 1 female, CASENT 3010603. Vohiparara, at broken bridge, 
elev. 1110 m, 21°13.57’S 47°22.19’E, Malaise trap in high altitude rainforest, 14-21 January 2002, R. 
Harin’ Hala, collection code: MA-02-09A-12, 1 female, CASENT 3010621 (MNRJ). Toliara Province: Ifaty, 
near Hotel Paradisia, in coastal dunes, elev. 9 m, 23°10.78’S 43°37.01’E, Malaise trap, vegetation in sand area, 
26 May-S June 2002, R. Harin’Hala, collection code: MA-02-16-28, 1 female, CASENT 3009802. 
Antsiranana Province: Sakalava Beach, dwarf litoral forest, 10 m, 12°15’46”S 49°23’51”E, Malaise trap— 
across sand trail, 1 December 2003, R. Harin’ Hala, collection code: BLF9558, | male. 

C. strigipes: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, Vohiparara, at broken 
bridge, elev. 1100 m, 21°13’57”S 47°22’19’E, Malaise trap, in high altitude rainforest, 6-15 December 2001, 
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R. Harin’ Hala, collection code: MA-02-09A-06, 1 male, CASENT 3009999; 1 male, CASENT 3010015; 1 
male, CASENT 3010006 (MNRJ); 1 male, CASENT 3010018; 1 male, CASENT 3010016 (MNRJ); 15-22 
November 2001, collection code: MA-02-09A-06, 1 male, CASENT 3009999; 14-21 January 2002, collection 
code: MA-02-09A-12, 1 female, CASENT 3010620; 1 female, CASENT 3010619; 1 female, CASENT 
3010622; 1 female, CASENT 3010246 (MNRJ). Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 
47°25.21’E, Malaise trap, secondary tropical forest, 6-15 December 2001, R. Harin’ Hala, collection code: 
MA-02-09C-06, 1 male, CASENT 3010027; 1 male, CASENT 3010025; 1 male, CASENT 3010023; 1 male, 
CASENT 3010026; 23 May—3 June 2002, R. Harin’ Hala, collection code: MA-02-09C-30, 1 female, CASENT 
3010036. JIRAMA water works, elev. 690 m, 21°14.91’S 47°27.13’E, Malaise trap near river, 8-15 November 
2001, R. Harin’ Hala, collection code: MA-02-09D-02, 1 male, CASENT 3010723; 15-21 December 2001, 
collection code: MA-02-09D-07, 1 female, CASENT 3010498. Toliara Province: Mikea Forest, NW of 
Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap—in deciduous forest, 17-28 January 2002, R. 
Harin’ Hala, collection code: MA-02-09A-03, 1 male, CASENT 3010046; 1 male, CASENT 3010045; 1 male, 
CASENT 3010049; 21-31 August 2003, collection code: MA-02-18A-66, 1 female, CASENT 3010297; 9-19 
May 2003, collection code: MA-02-18A-55, 1 female, CASENT 3010762; 21 September- 2 October 2003, col- 
lection code: MA-02-18A-69, 1 female, CASENT 3010793: 1 female, CASENT 3010799; 1 male, CASENT 
3010798. 16 km east Sakaraha, Zombitse Nature Reserve, 825m, Malaise trap, in tropical forest on sand, 
M.E.Irwin and E.I. Schlinger, Schlinger Foundation Madagascar Expedition, 20 April 1998, collection code: 
98-MAD-15, 1 male, CASENT 8021588b: 1 female, CASENT 3010269. Parc National d’Andohahela, 
Tsimelahy, Parcelle II, elev. 180 m, 24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 28 January—12 
February 2004, M. Irwin, F. Parker, R. Harin’Hala, collection code: MA-02-20-53, 1 female, CASENT 
8078181; 1 female, CASENT 8078182; 6-18 March 2004, collection code: MA-02-20-56, 1 female, CASENT 
8078015. Antafoky, elev. 60 m, 23°28’44”S 44°3’56’E, Malaise trap, gallery forest, 25-28 January 2002, 
Frontier Wilderness Project, collection code: MGFO02, | male, CASENT 3009641; 1 male, CASENT 
3009596; 1 female, CASENT 3009427; 1 female, CASENT 3009431; 1 female, CASENT 3009449; 1 female, 
CASENT 3009499 (MNRJ):; 1 female, CASENT 3009687; 1 female, CASENT 3009659. Lake Ranobe, elev. 
30 m, 23°02’22”S 43°36'37’E, Malaise trap, spiny forest thicket, 17-21 February 2003, Frontier Wilderness 
Project, collection code: MGF063, | male, CASENT 3009267; 1 female, CASENT 3009266; collection code: 
MGF062, | female, CASENT 3009258: | female, CASENT 3009255; 1 female, CASENT 3009259; | female, 
CASENT 3009256; 1 female, CASENT 3009260; 23°02.468’S 43°36.607’E, Malaise trap, spiny forest / 
tamarind forest near lake edge, 25—21 April 2003, Frontier Wilderness Project, collection code: MGEF066, | 
female, CASENT 3009285; 1 female, CASENT 3009287; 1 female, CASENT 3009286; 1 female, CASENT 
3009289. Fiherenana, 23°10.619’S 43°57.685’E, Malaise trap, in small undisturbed riparian forest valley, 
18—22 August 2003, Frontier Wilderness Project, collection code: MGFO78, 1 male, CASENT 3009252; elev. 
65 m, 23°13.351’S 43°52.853’E, Malaise trap, in degraded riparian forest close to water, 5-10 August 2003, 
Frontier Wilderness Project, collection code: MGFO076, | female, CASENT 3009190. Sept Lacs, elev. 120 m, 
23°31’65”S 44°9'35”E, Malaise trap, gallery forest, 21-26 August 2002, Frontier Wilderness Project, collec- 
tion code: MGFO038, | female, CASENT 3009229; 1 female, CASENT 3009237; elev. 130 m, Malaise trap, 
gallery forest and mixed scrub on hilltop, collection code: MGF039, 1 female, CASENT 3009199; 1 female, 
CASENT 3009200. Fort Dauphin, 1 female, R.Paulian (NMSA). 


DESCRIPTIONS OF NEW SPECIES OF COENOSIA 
Coenosia aberrans Couri, Pont, and Penny, sp. nov. 


TYPE.— Ho orype: female, deposited in CAS, labelled: MADAGASCAR: Antsiranana Province: Parc 
National de Marojejy, 25.7 km 32° NNE Andapa, 10.3 km 314° NNW Manantenina, elev. 1575 m, 14°26’42”S 
49°44’30’E, yellow pan trap montane rain forest, 21 November 2003, B.L. Fisher, collection code: BLF9243. 

DIAGNOsIS.— Mesonotum dark brown without vittae, with a little grey pollinosity confined to 
proepimeron, katepisternum and meron; lower proepimeral seta directed upwards, katepisternals 
1+2, the lower one placed below the upper posterior one and closer to it than to anterior upper one; 
very long anterodorsal and posterodorsal setae on hind tibia. 
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GENERAL COLOR.— Ground-colour brown with some grey pollinosity on pleura; frons dark 
brown with a little grey pollinosity on ocellar triangle; parafacial dark brown, face, fronto-orbital 
plate and gena silvery pollinose. Palpus, antenna and arista uniformly dark brown. Dorsum of 
mesonotum without vittae. Proepimeron, katepisternum and meron with a little grey pollinosity. 
Calypters whitish and haltere whitish-yellow. Wing weakly brown. Legs dark brown. Abdomen 
without spots; anterior margin of tergites 3-5 with a longitudinal shining vitta. 

FEMALE.— Length. Body: 4.3mm, wing: 5 mm. 

HEAD.— Interocular space about one-third of head-width at level of anterior ocellus. 3 pairs of 
frontal setae, and | pair of reclinate orbital setae. Inner and outer vertical setae developed and sim- 
ilar in length. Ocellar setae long. Antenna short, inserted a little above mid-level of eye; flagellom- 
ere about twice as long as pedicel. Palpi falciform. 

THORAX.— Dorsocentrals 1+3; acrostichals hair-like, very few and in two irregular series; 1 
postpronotal; | presutural; 2 intra-alars; 2 supra-alars; 2 postsupra-alars. Notopleuron with two 
setae, similar in length. Scutellum with one pair of basal and apical setae, both long and similar in 
length. Lower proepimeral seta directed upwards. Anepisternum with a series of 6 long setae. 
Katepisternals 1+2, the lower one placed below the posterior upper one. Anepimeron bare. Lower 
calypter about 2.3 times as long as upper one. Wing veins bare, veins Ry,; and M parallel at apex 
and anal vein very abbreviated. Legs with fore femur with sparse rows of posterodorsal and long 
ventral setae; fore tibia with a long median posterior seta, and strong posterior, posteroventral and 
posterodorsal preapicals; mid femur with sparse anteroventral and posteroventral rows of long setae 
and four anterodorsals on basal third; mid tibia with strong median anterior and posterior setae; 
preapical posterior long, and apical anterior and ventral setae also long; hind femur with an 
anteroventral and an anterodorsal row of setae, the anterodorsal with stronger setae; preapical dor- 
sal and anterodorsal setae; hind tibia with a very long and strong median anterodorsal seta; a short 
anteroventral submedian; a posterodorsal, dorsal and anterodorsal preapical setae, the posterodor- 
sal as long and strong as the anteroventral and one apical ventral. 

ABDOMEN.— Lateral pair of setae on tergite 3; tergites 4—5 with sparse discal and marginal 
rows of setae. 

Ovireosiror.— Long, with microtrichia on both sides (Figs. 47-48). Spermathecae as in Fig. 
A8. 

MALE.— Unknown. 

ETYMOLOGy.— The name comes from the Latin word aberrans, meaning wandering or go 
astray, and refers to the position of the katepusternal setae and the upcurved nature of the lower 
proepimeral seta. 

DIscUssION.— This is a very aberrant Coenosia, but the bristling of hind tibia, with pos- 
terodorsal, dorsal and anterodorsal preapical setae, very abbreviated anal vein, the presence of only 
one presutural dorsocentral, and one reclinate orbital place it among the Coenosiini, although the 
position of the katepisternals and the upcurved lower proepimeral seta are not right for this tribe. 
Only one specimen was found in the material examined. 


Deltotus Séguy, 1935 


DraGnosis.— Ground-colour of body shining blue, violet, green, or black and yellowish- 
brown; one pair of presutural acrostichal setae; arista long plumose; proboscis and palpi short; dor- 
socentrals 2+2; prosternum and anepimeron setulose; katepisternals 1+3; postalar wall setulose; 
lower calypter not enlarged, of the Phaonia-type; scutellum setulose laterally; hind coxa bare on 
posterior surface; veins R; and R4,; setulose from base to apex; vein M strongly curved forwards 
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towards vein R,,; in apical part; male cercal plate with 2 marginal spines. (REF. Séguy 1935, Zielke 
1972). 

Biology unknown; the larvae may be coprophagous. 

AFROTROPICAL FAUNA.— Only three species of Deltotus are known, all restricted to 
Madagascar. 

MADAGASCAN FAUNA.— Prior to 1972, only one species of Deltotus was known, D. facetus 
Séguy, 1935. Zielke (1972) added two new species to the genus, D. stuckenbergi Zielke, 1972 and 
D. viola Zielke, 1972, and gave a key to separate the three species. The genus is endemic to 
Madagascar. D. facetus and D. viola were found in the material studied. Most of the specimens in 
the series of D. viola are more green metallic than shining violet with blue reflections as stated in 
the original description, and show variation in the colour of the halteres; two other specimens are 
violet-metallic, and smaller than the others (about 6mm). In all other characters, all the specimens 
agree with the original description. 


Key to the Madagascar Species of Deltotus (modified from Zielke 1972) 


1. Postsutural pair of acrostichals hair-like or indistinguishable from the ground-setulae; ground- 


colour of body shining black and yellowish-brown (Madagascar)........... D. facetus Séguy 
Postsutural pair of acrostichal setae developed and very distinct from the ground-setulae; 
eround-colour of body shining blue, violet or greens.. = 2-2 42 3. 5. 2 a ee eee 2 


2. Postpronotum yellow, contrasting with the ground-colour of thorax (Madagascar) 
Ae Cea I Ts UTE ONE TEE ERT AVS PS Cn GLS CERN ea Oe D. stuckenbergi Zielke 
Postpronotum concolorous with thorax (Madagascar)...................... D. viola Zielke 


MATERIAL EXAMINED: KNOWN SPECIES 


D. facetus: MADAGASCAR: Antsiranana Province: Parc National de Marojejy, Manantenina River, 28.0 
km 38° NE Andapa, 8.2 km 333° NNW Manantenina, elev. 450 m, 14°26’12”S 49°46’30’E, Malaise trap— 
rain forest, 12—15 November 2003, B.L. Fisher et al., collection code: BLF8723, 1 female, CASENT 3009094; 
1 female, CASENT 3009095; 1 female, CASENT 3009097; 1 female, CASENT 3009096; 1 female, CASENT 
3009098; 1 male, CASENT 3009093 (MNRJ); 1 female, CASENT 3009092; 1 female, CASENT 3008904; 1 
female, CASENT 3010126 (MNRJ), 1 female; CASENT 3010127; 1 female, CASENT 3010128; 1 female, 
CASENT 3010140; 1 female, CASENT 3010141. Fianarantsoa Province: Parc National Ranomafana, 
Talatakely, 30 October—-20 November 1998, V.F. Lee, K.J. Ribardo, | female, CASENT 8019867; 1 female, 
CASENT 8019863; 1 female, CASENT 8019860; 1 male, CASENT 80198859; elev. 915-1000 m, 4-20 
November 1998, 1 female, CASENT 8019713. Vohiparara, at broken bridge, elev. 1100 m, 21°13.57’S 
47°22.19’E, Malaise trap, in high altitude rainforest, 26-31 March 2002, R. Harin’ Hala, collection code: MA- 
02-09A-22, 1 female, CASENT 3009398; 1 male, CASENT 3009402; 1 male, CASENT 3009381; 12-19 
March 2002, collection code: MA-02-09A-20, 1 female, CASENT 30010041; 14-21 January 2002, collection 
code: MA-02-09A-12, 1 female, CASENT 3010613; 31 March—8 April 2002, collection code: MA-02-09A- 
23, 1 male, CASENT 3010583. Radio tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43’E, Malaise 
trap, mixed tropical forest, 15-21 December 2001, R. Harin’ Hala, collection code: MA-02-09B-07, 1 female, 
CASENT 3010859; 1 female, CASENT 3009877; 1 female, CASENT 3009914. Belle Vue at Talatakely, elev. 
1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 12-19 February 2002, R. Harin’ Hala, 
collection code: MA-02-09C-16, 1 female, CASENT 3009764. Toliara Province: Mikea Forest, NW of 
Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap—in deciduous forest, 17—28 January 2002, R. 
Harin’ Hala, collection code: MA-02-18A-11, 1 female, CASENT 3010122. Toamasina Province: Montagne 
d’ Anjanaharibe, 19.5 km 27° NNE Ambinanitelo, elev. 1100 m, 15°10’42”S 49°38’06’E, yellow pan trap in 
montane rainforest, 12-16 March 2003, B.L. Fisher, C.E. Griswold et al., collection code: BLF8153, 1 female, 
CASENT 3009195. 

D. viola: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, Vohiparara, at broken 
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bridge, elev. 1110 m, 21°13’57”S 47°22’19”’E, Malaise trap, in high altitude rainforest, 26-31 March 2002, R. 
Harin’ Hala, collection code: MA-02-09A-22, 1 female, CASENT 3009380; 1 female, CASENT 3009401; 1 
female, CASENT 3009372; 1 female, CASENT 3009388; 1 female, CASENT 3009379; 1 female, CASENT 
3009405; 1 female, CASENT 3009379; 31 March—8 April 2002, collection code: MA-02-09A-23, 1 female, 
CASENT 3010584; | female, CASENT 3010585; 1 female, CASENT 3010581; 1 female, CASENT 3010587; 
1426 June 2002, collection code: MA-02-09A-32; 1 female, CASENT 3010304 (MNRJ); 16 October—8 
November 2001, collection code: MA-02-09A-01, 1 female, CASENT 3010427. Toliara Province: Mikea 
Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap—in deciduous forest, 17-28 
January 2002, R. Harin’Hala, collection code: MA-02-18A-11, 1 female, CASENT 3010099; 1 female, 
CASENT 3010114; 1 female, CASENT 3010112 (MNRJ); 1 female, CASENT 3010114; 1 female, CASENT 
3010101; 1 female, CASENT 3010103; 1 female, CASENT 3010117; | female, CASENT 3010117. 


Dichaetomyia Malloch, 1921 


DIAGNOsIs.— Eyes of male narrowly separated by the diameter of anterior ocellus or more; 
eyes in female widely separated; proclinate orbital and crossed interfrontal setae absent; arista long- 
plumose; dorsocentrals 2+2, 3 or 4, the first presutural seta shorter than the second; prosternum 
setulose on sides; anepimeron setulose; prealar seta present; postalar wall with sparse hairs or bare; 
posterior spiracle with some black setulae along lower margin; vein M only slightly curved for- 
wards before apex; hind tibia with a well developed anterodorsal preapical in addition to dorsal one, 
calcar absent. [REF. Emden 1942a, b] 

Few biologies are known (Skidmore 1985). The larvae are obligate carnivores, and have been 
found in decaying vegetation and dung. 

AFROTROPICAL FAUNA.— Two subgenera are recognised within the genus, Dichaetomyia s.str. 
and Panaga Curran, both widespread in the Afrotropical region (to which sg. Panaga is restricted), 
with a total of 61 described species, 33 in sg. Dichaetomyia and 28 in sg. Panaga. Both subgenera 
can be easily separated by the presence of setulae or stiff hairs on the greater ampulla (infra-alar 
bulla) in sg. Panaga; these are absent in sg. Dichaetomyia. The metallic green, blue or violet species 
of the subgenus Dichaetomyia were mainly described by Zielke (1972, 1973 and 1974) in the genus 
Annaria Zielke, 1972, which was based only on the metallic green, blue or violet colour and was 
synonymized with Dichaetomyia by Pont (1980). Except for D. ovata (Stein) and D. albivitta 
(Stein), all the species are endemic to Madagascar. 

MADAGASCAN FAUNA.— Both subgenera are represented in Madagascar, with the following 
described species represented: D. (Dichaetomyia) basialaris (Zielke, 1972); D. (Dichaetomyia) 
coerulea (Bigot, 1860); D. (Dichaetomyia) femoralis (Zielke, 1972); D. (Dichaetomyia) flavos- 
cutellata (Stein, 1918); D. (Dichaetomyia) frontata nom. nov. (for Dichaetomyia frontalis (Zielke, 
1972), a junior secondary homonym in Dichaetomyia of Dichaetomyia frontalis (Stein, 1918)); D. 
(Dichaetomyia) harlekini (Zielke, 1974); D. (Dichaetomyia) humeralis (Zielke, 1972); D. 
(Dichaetomyia) rangeri (Zielke, 1973) (synonym: D. (D.) scutellaris (Zielke, 1974), syn.nov.); D. 
(Dichaetomyia) scutellata (Séguy, 1935); D. (Dichaetomyia) seyrigi Séguy, 1938; D. 
(Dichaetomyia) tristis (Zielke, 1972); D. (Panaga) lucida Séguy, 1938; D. (Panaga) madagas- 
cariensis Séguy, 1938; D. (Panaga) ovata (Stein, 1918); and D. (Dichaetomyia) zielkei nom. nov. 
(for Dichaetomyia apicalis (Zielke, 1972), a junior secondary homonym in Dichaetomyia of 
Dichaetomyia apicalis (Stein, 1904). With the exception of D. femoralis, D. flavoscutellata, D. 
frontata and D. humeralis, all these species have been recognised in our material. D. (Panaga) 
albivitta (Stein, 1906), previously known from Togo, Angola, East Africa, Malawi, Sierra Leone, 
D.R. Congo, and Kenya, is recorded for the first time from Madagascar. Four new species are 
described here, two in sg. Dichaetomyia and two in sg. Panaga. 
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Key to the Madagascan Species of Dichaetomyia (partly modified from Zielke 1972) 


_— 


. Greater ampulla with setulae or some stiff hairs. Subgenus Panaga Curran ............... Ds 
Greater ampulla bare: Subgenus Dichaetomyia Malloch... .- 23... 4.0.4... eee 7 
2.4 pairs of postsutural dorsocentrals; mesonotum yellowish with 2 fine white pollinose vittae 
along the dorsocentral rows (Togo, Angola, East Africa, Malawi, Sierra Leone, D.R. Congo) 
50. bw aie Re sa cies PS aaa ti elt a Me i cencban ona RAEI eae ga Ae a! D. (Panaga) albivitta (Stein) 
3 pairs of postsutural dorsocentrals; mesonotum not as described above.................. 3 
3. Fore tibia with a posterior median seta; mesonotum orange-reddish, with a broad dark brown 
vitta with some grey pollinosity, limited by the dorsocentral row of setae and reaching scutellum 
(Miag@asasc als) we ests sah an ee spec cyto ee, Adee ot ane coon oe eam gira D. (Panaga) lucida Séguy 
Fore tibia without a posterior median seta; mesonotum with a different colour and pattern ... 4 
4. General body colour uniformly yellow, not shining; male flagellomere yellow (Tanzania, 
Uganda, widespread west Africa to Congo Basin, Madagascar)... . . D. (Panaga) ovata (Stein) 
General body colour dark brown, a little shining, with some yellow parts such as postpronotum and 
apex of tergite 5 strongly contrasting with the ground-colour; male flagellomere brown ..... >) 
Serocutellun yellowa(Madacascan)ie o.c0e oe ura aenerks sees D. (Panaga) colorata, sp. nov. 
Sceutelluml brown sss Nose de Seale ae a Le « See. Ge Ce 6 
6. Antenna with pedicel brown; mesonotum dark brown with postpronotum and lateral parts (noto- 
pleuron and postalar callus) yellow; males unknown (Madagascar) 
ciao IM 1 tM Co OU EA DES Ar AROS A aes a oe etal RR Ye a D. (Panaga) madagascariensis Séguy 
Antenna with pedicel yellowish; mesonotum reddish-brown, slightly shining with 3 grey polli- 
nose vittae, only postpronotum yellowish; males with a preapical ventral tuft of long setae on 


hindtiemun(Madacascanwer s45 eer ae ee ee D. (Panaga) flabellifera, sp. nov. 
j= Metallic blue; green; violet or blue-erey flies ..2). 40.72 ).)..-.e0 te 0 ei nc ee 8 
INotimetallic; general colour brown to) yellowish 5.6... .25 2. 18 
8. Blue-grey flies with three broad longitudinal vittae of grey pollinosity on mesonotum 
(ViadaeasCan)! Pini 2.5 Please cect) ok, No aoe SO REND D. (Dichaetomyia) coerulea (Bigot) 
Metallic blue, green, violet species, usually with no longitudinal vittae on mesonotum ...... 9) 
OrwAll legs including coxaesyellow (Madagascar) <.. 2 Js). 2) was raised ee 10 
Legs, or at least the femora, mostly brown or dark .j2.)4. 32). sass 2 eae 2 ae 11 
lOMBasicosta andihalteres yellowee Se22- esek Sak eee D. (Dichaetomyia) femoralis (Zielke) 
Basicostarand halteres-darks 5.2.25) sss): eee D. (Dichaetomyia) frontata, nom. nov. 
11. Postpronotum distinctly yellow and in striking contrast to the colour of the rest of the thorax 
BE ates oii is Gia eats cad “iE oc atuws AAA, Cie ACU A 2 Ne 12 
Postpronotum concolorous: with thorax .. . 4.2252 204.4.4..60ceee os nee eee 15) 
12. Scutellum concolorous with mesonotum (Madagascar) . D. (Dichaetomyia) humeralis (Zielke) 
Scutellum) yellow 24) a.c.ce eS Vela el elcid oles ARAM. Gl ct he ee 3) 


13. At least anterior half of notopleuron and anepisternum and posterior half of katepisternum yel- 
low; 2 yellow vittae along the dorsocentral rows, reaching the first postsutural dorsocentral seta 
(Madagascan) kare eee RC es eae eee D. (Dichaetomyia) harlekini (Zielke) 
Anterior half of notopleuron and anepisternum and posterior half of katepisternum metallic 
green, concolorous with the rest of the mesonotum; without yellow vittae along the dorsocentral 


ROWSIOL SELAGN Sie) ok. ts Jeo Pak Swed eerie Ago ae ce eee 14 
14. Hind tibia with 2 anteroventral setae (Madagascar) ...... D. (Dichaetomyia) rangeri (Zielke) 
Hind tibia with | anteroventral seta (Madagascar) ...... D. (Dichaetomyia) scutellata (Séguy) 


15. Scutellum yellow (Madagascar)................. D. (Dichaetomyia) flavoscutellata (Stein) 
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Neutcellunmn concolorous wathomesonotumei eee. we ye eee oe ee Le ee ree ee 16 
16. Wing veins brownish, even brown to dark at the base, halteres with knob brown; lower calypter 
menebrown marci (Madagascar)”.. 2. 0..)..0....0... 2... D. (Dichaetomyia) tristis (Zielke) 
Base of wing veins strikingly yellow; halteres with knob yellow; both calypters whitish or yel- 
Pea EES HICH OU DROW eTMAT EUS etka og opie ae ta hee rym sca cu gees orien aos erent keane ee 17 
17. Apical half of tergite 5 yellow (Madagascar) ........... D. (Dichaetomyia) zielkei nom.nov. 


Apical half of tergite 5 concolorous with rest of abdomen (Madagascar) 
MP i EM 8 VUES ag eR ca? ue tytn. sie te Rial Ruane & D. (Dichaetomyia) basialaris (Zielke) 
19. Dorsocentrals 2+4; prosternum densely setulose; wings yellowish (Madagascar) 
= Se Gi blich Suet Abeta Mn eon ern Se eS PLT nes errno uee Sa ate D. (Dichaetomyia) seyrigi Séguy 
Dorsocentrals 2+2; prosternum moderately setulose; wings not yellowish................ 19 
19. Mesonotum reddish-brown with a median grey pollinose vitta and a darker vitta outside of this 
on each side; postpronotum and notopleuron yellow; femora mostly yellow; calypters yellow; 
abdomen brownish- grey pollinose, with tergite 1+2 and usually basal half of tergite 3 yellow 
MIE AC AS CAT) ea tiay ogee ccs ta aks ose wr Cap sce eats D. (Dichaetomyia) tricolorata, sp. nov. 
Mesonotum dark brown with some grey pollinosity, with two black vittae close to the dorsocen- 
tral rows of setae, well marked presuturally, and lateral vittae along the intra-alar and supra-alar 
rows; femora mostly dark brown; calypters with margins brown; abdomen uniformly dark brown 
MEGA SAS Cals) ES Asahi ey) essa el fa cee O tata RL oy IP ee D. (Dichaetomyia) nigra, sp. nov. 


MATERIAL EXAMINED: KNOWN SPECIES 


D. (Dichaetomyia) basialaris: MADAGASCAR: Toliara Province: Parc National d’Andohahela, Col du 
Sedro, 3.8 km 113° ESE Mahamavo, 37.6 km 341° NNW Tolagnaro; 24°45’50”S 46°45’6’E, pitfall trap— 
montane rainforest, elev. 900 m, 21—25 January 2002, Fisher, Griswold et al., collection code: BLF5013, 1 
female, CASENT 3009363. Forét Classée d’Analavelona, 33.2 km 344° NNW Mahaboboka, elev. 1300 m, 
22°38/34’S 44°10'16’E, beating low veg. in montane rainforest, 12—26 February 2003, Fisher, Griswold et al., 
collection code: BLF7917, 1 male, CASENT 3009261 (MNRJ); 22—28 November 2001, 1 female, CASENT 
3009733. Fianarantsoa Province: Parc National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 
21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 14-21 January 2002, R. Harin’ Hala, collection 
code: MA-02-09C-12, 1 male, CASENT 3009843; 22-28 November 2001, 1 female, CASENT 3009733. 
Vohiapara, 14 km W of park headquarters, 21°22.63’S 47°37.02’E, in cloud forest, elev. 1150 m, 21 December 
1999, M.E.Irwin, E.I. Schlinger and H.H. Rasolondalao, specimen without abdomen, CASENT 8018343. At 
broken bridge, elev. 1100 m, 21°13’57”S 47°22’19”E, Malaise trap, in high altitude rainforest, 14-26 June 
2002, collection code: MA-02-09A-32, | female, CASENT 3010317; 31 March—8 April 2002, collection code: 
MA-02-09A-23, 1 female, CASENT 3010569; 1 female, CASENT 3010577; 1 male, CASENT 3010580; 25 
May—4 June 2001, collection code: MA-02-09A-30, 1 male, CASENT 3010557. JIRAMA, water works, 
21°14.91’S 47°27.13’E, Malaise trap near river, elev 690 m, 10-14 January 2002, R. Harin’ Hala, collection 
code: MA-02-09D-11, 1 female, CASENT 3009956; 28 November—6 December 2001, collection code: MA- 
02-09D-05, 1 male, CASENT 3010552; 1 male, CASENT 3010549; 1 male, CASENT 3010550 (MNRJ); 1 
male, CASENT 3010551; 28 November 2001, collection code: MA-02-09D-04, 1 male, CASENT 3010542. 
Antsiranana Province: Parc National de Marojejy, Antranohofa, 26.6 km 31° NNE Andapa, 10.7 km 318° 
NW Manantenina, elev. 1325 m, 14°26’36”S 49°44’36’E, yellow pan trap—montane shrubland, 18 November 
2003, B.L. Fisher, collection code: BLF9081, 1 female, CASENT 3009039. 

D. (Dichaetomyia) coerulea: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, 
Talatakely, Trail FF, elev. 915-1000 m, 4-20 November 1998, V.F. Lee, K.J. Ribardo, 1 female, CASENT 
8019762. Toamasina Province: Montagne d’ Anjanaharibe, 18.0 km 21° NNE Ambinanitelo, elev. 470 m, 
15°11'18”S 49°36'54’E, pitfall trap, rainforest, 12-16 March 2003, B.L. Fisher, C.E. Griswold et al., collec- 
tion code: BLF8003, 1 female, CASENT 3009113. 

D. (Dichaetomyia) harlekini. MADAGASCAR: Antananarivo Province: 65 km S. of Antananarivo 
{Tananarive], 25 November 1959, E.S. Ross. Holotypus Annaria harlekini [now Dichaetomyia harlekini}, 
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female, det. E. Zielke, 1972. Type no. CAS 11870. Fianarantsoa Province: Parc National Ranomafana, Belle 
Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 22-28 
November 2001, R. Harin’ Hala, collection code: MA-02-09C-04, 1 female, CASENT 3009732. Vohiparara, at 
broken bridge, elev. 1100 m, 21°13’57”S 47°22’19”E, Malaise trap, in high altitude rainforest, 6-15 December 
2001, R. Harin’ Hala, collection code: MA-02-09A-06, 1 female, CASENT 3010004; 14-26 June 2002, col- 
lection code: MA-02-09A-32, 1 male, CASENT 3010307. 

D. (Dichaetomyia) rangeri: MADAGASCAR: Toamasina Province: Périnet, 7 November 1959, E.S. Ross. 
Holotypus Annaria scutellaris [mow = D. rangeri], male, det. E. Zielke, 1972. Type no. CAS 11871. 
Fianarantsoa Province: Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, second- 
ary tropical forest, 14-21 January 2002, R. Harin’ Hala, collection code: MA-02-09C-12, 1 female, CASENT 
3009845; 6-15 December 2001, collection code: MA-02-09C-06, 1 female, CASENT 3010021: 26 
February-4 March 2002, collection code: MA-02-09C-18, female, CASENT 3009754; 22-28 November 
2001, collection code: MA-02-09C-04, 1 female, CASENT 3009750; 1 female, CASENT 3009731; 30 
October—20 November 1998, V.F. Lee, K.J. Ribardo, CASENT 8019868. Vohiparara, at broken bridge, elev. 
1100 m, 21°13.57’S 47°22.19’E, Malaise trap, in high altitude rainforest, 26-31 March 2002, R. Harin’ Hala, 
collection code: MA-02-09A-22, 1 female, CASENT 3009393; 1 female, CASENT 3010043; 31 March—8 
April 2002, collection code: MA-02-09A-23, 1 female, CASENT 3010574; 1 female, CASENT 3010572; 1 
female, CASENT 3010571 (MNRJ); 1 female, CASENT 3010576; 14~—26 June 2002, collection code: MA-02- 
09A-32, 1 female, CASENT 3010310; 1 female, CASENT 3010311. JIRAMA, water works, 21°14.91’S 
47°27.13’E, Malaise trap near river, elev 690 m, 16 October-8 November 2001, R. Harin’Hala, collection 
code: MA-02-09D-01, 1 female, CASENT 3010412. Radio tower at forest edge, elev. 1130 m, 21°15’05”S 
47°24’43”E, Malaise trap, mixed tropical forest, 28-31 March 2002, R. Harin’Hala, collection code: MA-02- 
O9B-22, 1 female, CASENT 3010679. Toliara Province: Mikea Forest, NW of Manombo, elev. 30 m, 
22°54.22’S 43°28.53’E, Malaise trap, deciduous dry forest, 17-28 January 2002, R. Harin’ Hala, collection 
code: MA-02-18A-11, 1 male, CASENT 3010107; 1 female, CASENT 3010106 (MNRJ). 

D. (Dichaetomyia) scutellata: MADAGASCAR: Fianarantsoa Province: Ranomafana, Belle Vue at 
Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 14-24 July 2002, R. 
Harin’ Hala, collection code: MA-02-09C-35, 1 female, CASENT 3010479. Parc National Ranomafana, 
Talatakely research laboratory area, elev 940 m, 21°14’53.5”S 47°25’36.9”E, 30 October—20 November 1998, 
V.F. Lee, K.J. Ribardo, | female, CASENT 8019810. Talatakely trail EO-300, elev. 1040 m, 8 November 1998, 
V.F. Lee, K.J. Ribardo, 1 female, CASENT 8019793. Vohiparara, at broken bridge, elev. 1100 m, 21°13.57’S 
47°22.19’E, Malaise trap, in high altitude rainforest, 31 March—-8 April 2002, R. Harin’ Hala, collection code: 
MA-02-09A-23, 1 female, CASENT 3010573. 

D. (Dichaetomyia) seyrigi: MADAGASCAR: Mahajanga Province: Parc National de Namoroka, 16.9 km, 
317° NW, Vilanandro, elev. 100 m, 16° 24’24”S 45°18’36’”E, yellow pan trap, tropical dry forest, 12-16 
November 2002, Fisher, Griswold et al., collection code: BLF6586, 1 female, CASENT 3009291; 1 female, 
CASENT 3009296; | female, CASENT 3009293: 1 female, CASENT 3009301; 1 female, CASENT 3009297; 
1 female, CASENT 3009142; 1 female, CASENT 3009295; 1 female, CASENT 3009294, collection code: 
BLF6587, | female, CASENT 3009141; 1 female, CASENT 3009139; 1 female, CASENT 3009140; 1 female, 
CASENT 3009292 (MNRJ). 9.8 km, 300° WNW, Vilanandro, elev. 140 m, 16° 28’00”S 45°21’00”’E, yellow 
pan trap, tropical dry forest, 4-8 November 2002, Fisher, Griswold et al., collection code: BLF6505, 1 female, 
CASENT 3009340; 1 female, CASENT 3009347; 1 female, CASENT 3009348: 1 female, CASENT 3009346; 
1 female, CASENT 3009345; 1 female, CASENT 3009353; 1 female, CASENT 3009352; 1 female, CASENT 
3009344; 1 female, CASENT 3009343; 1 male, CASENT 3009351; 1 female, CASENT 3009338 (MNR3J); 1 
female, CASENT 3009342; 1 female, CASENT 3009339; 1 female, CASENT 3009350; 1 female, CASENT 
3009341. 17.8 km, 329° WNW, Vilanandro, elev. 100 m, 16°22’36”S 45°19’36’E, Malaise trap, tropical dry 
forest, 8-12 November 2002, Fisher, Griswold et al., collection code: BLF6511, 1 female, CASENT 3009244; 
1 female, CASENT 3009241; 1 female, CASENT 3009242: 1 female, CASENT 3009243. Parc National de 
Baie de Baly, 12.4 km, 337° NNW, Salala, elev. 10 m, 16°00’36”S 45°15’54’E, yellow pan trap, tropical dry 
forest, 26-30 November 2002, Fisher, Griswold et al., collection code: BLF6817, 1 female, CASENT 
3009112; 1 female, CASENT 3009111; 1 female, CASENT 3009110; 1 female, CASENT 3009109; 1 female, 
CASENT 3009108; 1 female, CASENT 3009107; 1 female, CASENT 3009106: 1 female, CASENT 3009105; 
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1 female, CASENT 3009099; | female, CASENT 3009100; 1 female, CASENT 3009101; 1 female, CASENT 
3009102; 1 female, CASENT 3009103; 1 female, CASENT 3009104; 1 female, CASENT 3009168: 1 female. 
CASENT 3009176; collection code: BLF6815, 1 male, CASENT 3009149; 1 female, CASENT 3009150; 1 
female, CASENT 3009151; 1 female, CASENT 3009152; 1 female, CASENT 3009153; 1 female, CASENT 
3009154; 1 female, CASENT 3009155; 1 female, CASENT 3009156; 1 female, CASENT 3009157; 1 female, 
CASENT 3009158; 1 female, CASENT 3009159; 1 female, CASENT 3009160; | female, CASENT 3009161; 
1 female, CASENT 3009162; 1 female, CASENT 3009163; 1 female, CASENT 3009164; 1 female, CASENT 
3009167; 1 female, CASENT 3009148. Reserve Spéciale de Bemarivo, 23.8 km, 223° SW, Besalampy, elev. 
30 m, 16°55’30”S 44°22’06’E, yellow pan trap, tropical dry forest, 19-23 November 2002, Fisher, Griswold 
et al., collection code: BLF6595, 1 female, CASENT 3008952; collection code: BLF6695, 1 female, 
CASENT3008951; 1 female, CASENT3008955; 1 female, CASENT3008956; 1 female, CASENT3008953; 1 
female, CASENT3008957. Toliara Province: Forét de Mahavelo, Isantoria River, elev. 110 m, 24°45’30”S 
46°9'26’E, pitfall trap—in spiny forest thicket, 28 January—1 February 2002, Fisher, Griswold et al., collec- 
tion code: BLF5239, 1 female, CASENT 3009280; 1 male, CASENT 3009279 (MNRJ); 1 female, CASENT 
3009278: 1 female, CASENT 3009277; 1 male, CASENT 3009276; 1 female, CASENT 3009275. Forét de 
Beroboka, 5.9 km, 131° SE Ankidranoka, 22°13’59”S 43°21’59’E, elev. 80 m, pitfall trap—in tropical dry for- 
est, 12-16 March 2002, Fisher, Griswold et al., collection code: BLF6068, 1 male, CASENT 3009247. Forét 
de Bealoka, Mandrare River, 14.6 km, 329° NNW Amboasary, 24°57’25”S 46°16'17’E, elev. 35m, pitfall 
trap—in gallery forest, 3-8 February 2002, Fisher, Griswold et al., collection code: BLF5314, 1 female, 
CASENT 3008889; 1 female, CASENT 3008890; 1 female, CASENT 3008891; 1 female, CASENT 3008892; 
1 female, CASENT 3008884; | female, CASENT 3008885; 1 female, CASENT 3008893; 1 female, CASENT 
3008886; 1 female, CASENT 3008887; 1 female, CASENT 3008889; 1 female, CASENT 3008880; 1 female, 
CASENT 3008881; 1 female, CASENT 3008882; 1 female, CASENT 3008883; | female, CASENT 3008888; 
pitfall trap in tropical dry forest, elev. 80 m, 12—16 March 2002, collection code: BLF6068, 1 female, 
CASENT 3009249. Forét de Tsinjoriaky, 6.2 km, 84° E Tsifota, 22°48’8”S 43°25’14’E, elev. 70 m, general 
collecting—spiny forest thicket, 6-10 March 2002, Fisher, Griswold et al., collection code: BLF5314, 1 male, 
CASENT 3008909; collection code: BLF5965, 1 female, CASENT 3008899. Parc National de 
Tsimanampetsotsa, Forét de Bemanateza, 20.7 km 81° E Efoetse, 23.0 km, 131° SE Beheloka, 23°59’32”S 
43°52’50”E, elev. 90 m, pitfall trap—in spiny forest thicket, 22-26 March 2002, Fisher, Griswold et al., col- 
lection code: BLF6258, 1 male, CASENT 3009290. Mitoho Cave, 6.4 km 77° ENE Efoetse, 17.4 km, 170° SE 
Beheloka, 24°2’50”S 43°45’11”E, elev. 40 m, pitfall trap—in spiny forest thicket, 18-22 March 2002, Fisher, 
Griswold et al., collection code: BLF6161, 1 male, CASENT 3008950. Mahafaly Plateau, 6.2 km 74° ENE 
Itampolo, 24°3913”S 43°59’48’E, elev. 80 m, pitfall trap—in spiny forest thicket, 21-25 February 2002, 
Fisher, Griswold et al., collection code: BLF5763, 1 female, CASENT 3008960. Reserve Spéciale de Sainte 
Marie, 14.9 km, 261° W. Marovato, 25°35’40”S 45°8’49”E, elev. 160 m, pitfall trap in spiny forest thicket, 
13-19 February 2002, Fisher, Griswold et al., collection code: BLF5650, | female, CASENT 3008965. River 
Ranobe, elev. 30 m, 23°02’22”S 43°36’37”E, Malaise trap—in spiny forest thicket, 17-21 February 2003, 
Frontier Wilderness Project, collection code: MGF063, 1 female, CASENT 3009265. 5—9 February 2003, col- 
lection code: MGFO0S58, 1 female, CASENT 3009202. Ifaty, near Hotel Paradisia, in coastal dunes, elev. 9m, 
23°10.78’S 43°37.01’E, Malaise trap, vegetation in sand area, 26 May-—S June 2002, R. Harin’ Hala, collection 
code: MA-02-16-28, 1 female, CASENT 30008947. Mikea Forest, NW of Manombo, elev. 30 m; 22°54.22’S 
43°28.53’E, Malaise trap—in deciduous forest, 17-28 January 2002, R. Harin’ Hala, collection code: MA-02- 
18A-11, 1 female, CASENT 3010088; 1 female, CASENT 3010092 (MNRJ). Elev. 37 m; 22°54.80’S 
43°28.93’E, Malaise trap, spiny forest, 16-26 December 2001, R. Harin’ Hala, collection code: MA-02-18B- 
06, 1 female, CASENT 3010546; 1 male, CASENT 3010547. 16 km east Sakahara, Zombitse Nature Reserve, 
Malaise trap in tropical forest on sand, 825m, 20 April 1998, M.E. Irwin and E.I. Schlinger, Schlinger 
Foundation Madagascar Expedition, collection code: 98-MAD-15, 1 male, CASENT 8021702; 1 male, 
CASENT 8021869; 1 male, CASENT 8021713; 1 male, CASENT 8067667; | male, CASENT 8067666 
(MNRJ). Antsiranana Province: Forét de Binara, elev. 375 m, 7.5 km 230° SW Daraina; 13°15’18”S 
49°37'00”E, pitfall trap—tropical dry forest, 1 December 2003, B.L. Fisher, collection code: BLF9558, 1 
female, CASENT 3008967; 1 female, CASENT 30089711 female, CASENT 3008972; 1 female, CASENT 
3008970: 1 female, CASENT 3008969; 1 female, CASENT 3008968; 1 female, CASENT 3008981, collec- 
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tion code: BLF9559, 1 female, CASENT 3008917. Forét d’ Antisahabe, elev. 550 m, 11.4 km 275° W Daraina; 
13°12’42”S 49°33’24”E, yellow pan trap—tropical dry forest, 12 December 2003, B.L. Fisher, collection code: 
BLF10115, 1 female, CASENT 3010239. Toamasina Province: Parcelle E3 Tampolo, 17°17’00”’S 
49°16'00’E, elev. 10 m, yellow pan trap, litoral forest, 14 April 2004, Malagasy ant team, collection code: 
BLF10730, 1 female, CASENT 3008927. 

D. (Dichaetomyia) tristis: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, 
Vohiparara, at broken bridge, elev. 1100m; 21°13.57’S 47°22.19’E, Malaise trap, in high altitude rainforest, 
26-31 March 2002, R. Harin’ Hala, collection code: MA-02-09A-22, 1 female, CASENT 3009403; 1 female, 
CASENT 3009392; 31 March—8 April 2002, collection code: MA-02-09A-23, 1 male, CASENT 3010579 
(MNRJ); 16 October-8 November 2001, collection code: MA-02-09A-01, 1 female, CASENT 3010423: 
14-26 June 2002, collection code: MA-02-09A-32, 1 male, CASENT 3010316. Radio tower at forest edge, 
elev. 1130 m; 21°15’05”S 47°24’43”E, Malaise trap, mixed tropical forest, 15-21 December 2001, R. 
Harin’ Hala, collection code: MA-02-09B-07, 1 male, CASENT 3010854; 1 male, CASENT 3010857. Belle 
Vue at Talatakely, elev. 1020 m; 21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 22-28 
November 2001, R. Harin’ Hala, collection code: MA-02-09C-04, 1 male, CASENT 3009740; 12-19 February 
2002, | male, CASENT 3009770 (MNRJ). Trail FF, 4-20 November 1988, elev. 915—1000 m, V.F. Lee and 
K.J. Ribardo, 1 male, CASENT 8019659. Antsiranana Province: Parc National de Marojejy, elev. 2000 m, 
25.4 km 30° NNE Andapa, 10.9 km 311° NW Manantenina; 14°26’42”S 49°44’06’E, yellow pan trap—mon- 
tane shrubland, 23 November 2003, B.L. Fisher, collection code: BLF9323, 1 male, CASENT 3008939; 1 
female, CASENT 3008941; 1 male, CASENT 3008937; 1 male, CASENT 3008938; 1 female, CASENT 
3010240. Antranohofa, 26.6 km 31° NNE Andapa, 10.7 km 318° NW Manantenina, elev. 1325 m, 14°26’36”S 
49°44’36”E, yellow pan trap—montane shrubland, 18 November 2003, B.L. Fisher, collection code: BLF9081, 
1 male, CASENT 3009036. Toliara Province: Parc National d’ Andohahela, Col du Sedro, 3.8 km 113° ESE 
Mahamavo, 37.6 km 341° NNW Tolagnaro, 24°45’50”S 46°45’6’E, pitfall trap—montane rainforest, elev. 900 
m, 21—25 January 2002, Fisher, Griswold et al., collection code: BLF5013, 1 male, CASENT 3009366; 1 
female, CASENT 3009365; | female, CASENT 3009362. 

D. (Dichaetomyia) zielkei: MADAGASCAR: Toliara Province: Parc National d’ Andohahela, Col du Sedro, 
3.8 km 113° ESE Mahamavo, 37.6 km 341° NNW Tolagnaro; 24°45’50”S 46°45’6’E, pitfall trap—montane 
rainforest, elev. 900 m, 21—25 January 2002, Fisher, Griswold et al., collection code: BLF5013, 1 male, 
CASENT 3009361 (MNRJ); 1 male, CASENT 3009364. Toamasina Province: Montagne d’ Anjaaharibe, 
19.5 km 27° NNE Ambinanitelo, elev. 110 m, 15°10’42”S 49°38’06’E, yellow pan trap in montane rainforest, 
12-16 March 2003, B.L. Fisher, C.E. Griswold et al., collection code: BLF8153, 1 female, CASENT 3009196. 
Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap—in deciduous dry forest, 
17-28 January 2002, R. Harin’Hala, collection code: MA-02-18A-11, 1 female, CASENT 3010121. 
Fianarantsoa Province: Parc National Ranomafana, Vohiapara, at broken bridge, elev. 1100 m; 21°13’57”S 
47°22'19”E, Malaise trap, in high altitude rainforest, 14-26 June 2002, collection code: MA-02-09A-32, 1 
female, CASENT 3010318. 

D. (Panaga) albivitta: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, Talatakely, 
trail FF, elev. 915—1000 m, 4-20 November 1998, V.F. Lee, K.J. Ribardo, 1 female, CASENT 8019714. 

D. (Panaga) lucida: MADAGASCAR: Toliara Province: Forét Classée d’ Analavelona, 29.2 km 343° NNW 
Mahaboboka, elev. 1100 m, 22°4030”S 44°11'24’E, pitfall trap, in montane rainforest, 18—22 February 2003, 
Fisher, Griswold et al., collection code: BLF7817, 1 female, CASENT 3009172. 

D. (Panaga) madagascariensis: MADAGASCAR: Antsiranana Province: Parc National de Marojeyjy, 
Antranohofa, 26.6 km 31° NNE Andapa, 10.7 km 318° NW Manantenina, elev. 1325 m, 14°26'36”S 
49°44’36”E, yellow pan trap—montane shrubland, 18 November 2003, B.L. Fisher, collection code: BLF9081, 
| female, CASENT 3009034. Fianarantsoa Province: Parc National Ranomafana Vohiparara, at broken 
bridge, elev. 1110 m; 21°13.57’S 47°22.19’E, Malaise trap in high altitude rainforest, 14-21 January 2002, R. 
Harin’ Hala, collection code: MA-02-09A-12, 1 male, CASENT 3010616; 31 March—8 April 2002, collection 
code: MA-02-09A-23, 1 female, CASENT 3010588 (MNRJ); 25 May June 2002, collection code: MA-02- 
09A-30, 1 female, CASENT 3010562; JIRAMA, water works, 21°14.91’S 47°27.13’E, Malaise trap near river, 
elev 690 m, 10-14 January 2002, R. Harin’Hala, collection code: MA-02-09D-11, 1 female, CASENT 
3009955. 
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D. (Panaga) ovata: MADAGASCAR: Toliara Province: Forét Classée d’ Analavelona, 29.2 km 343° NNW 
Mahaboboka, elev. 1100 m, 22°40’30’S 44°11’24’E, pitfall trap, in montane rainforest, 18-22 February 2003, 
Fisher, Griswold et al., collection code: BLF7817, 1 female, CASENT 3009179. Antafoky, elev. 55m, 
23°28'43”S 44°3’51”E, Malaise trap, gallery forest, 25—28 January 2002, Frontier Wilderness Project, collec- 
tion code: MGFO003, 1 male, CASENT 3009707. Mahajanga Province: Parc National de Baie de Baly 12.4 
km, 337° WNW Soalala, elev. 10 m, 16°00’36’S 45°15’54’E, pitfall trap in tropical dry forest, 26-30 
November 2002, Fisher, Griswold et al., collection code: BLF6815, 1 female, CASENT 3009165; 1 female, 
CASENT 3009166 (MNRJ); 1 male, CASENT 3009147. 


DESCRIPTIONS OF NEW SPECIES OF DICHAETOMYIA 
Dichaetomyia (Dichaetomyia) nigra Couri, Pont, and Penny, sp. nov. 


TYPE.— HOo.orye: male, deposited in CAS, labelled: MADAGASCAR: Toamasina Province: Parcelle E3 
Tampolo, 17°17’00”S 49°16’00’E, elev. 10 m, yellow pan trap, litoral forest, 14 April 2004, Malagasy ant 
team, collection code: BLF10730, CASENT 3008923. 

DIAGNOsIS.— Mesonotum dark brown with some grey pollinosity, with 2 black vittae inside 
the dorsocentral row of setae that reach a little further than first postsutural dorsocentral seta; later- 
al black vittae on intra-alar and supra-alar row of setae reaching the level of posterior postsutural 
dorsocentral; postpronotum yellowish-brown. Abdomen totally dark brown. Dorsocentrals 2+2. 

GENERAL COLOR.— Ground-colour dark brown. Head with frons brown; fronto-orbital plate 
brown, silver pollinose from certain angles; gena brown. Antenna with pedicel reddish-yellow and 
flagellomere brown. Arista brown, yellow at base. Palpus brown. Mesonotum dark brown with 
some grey pollinosity, with 2 black vittae inside the dorsocentral row of setae that reach a little fur- 
ther than first postsutural dorsocentral seta; lateral black vittae on intra-alar and supra-alar row of 
setae reaching the level of posterior presutural dorsocentral; postpronotum yellowish-brown. 
Anterior spiracle white, strongly contrasting with the surrounding area; posterior spiracle brownish, 
with black setae on margins. Pleura dark brown, with some paler areas in some specimens. 
Anepimeron with black setulae. Calypters brownish with darker margins. Haltere light brown, stalk 
a little darker in most specimens. Wing clear. Legs with coxae brown with grey pollinosity, femo- 
ra brownish-yellow, trochanters, extreme tips of femora, tibiae and tarsi yellow. Abdomen entirely 
dark brown, some specimens with some grey pollinosity. 

MALE.— Length. Body: 6.3 mm, wing: 6.4 mm. 

HEAD.— Eyes with very short and sparse hairs; separated at vertex by the width of the ocellar 
triangle. Vertical setae not developed. Frontal row with 2 strong pairs of setae close to lunula, the 
others hair-like, with a moderately developed and reclinate orbital above them. Antenna inserted at 
mid level of eye; flagellomere about 2.6 as long as pedicel. Arista with long plumes. Gena slender, 
width similar to that of flagellomere. Palpi slightly clavate. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+2; 2 postpronotals; 1 presutural; 2 intra-alars; 2 
supra-alars; 2 postsupra-alars. Notopleuron with two setae, the posterior one a little shorter than the 
anterior. Postalar declivity and suprasquamal ridge bare. Scutellum with one long basal and one 
long apical pair of setae, similar in size, and with a few fine latero-inferior setulae on basal third. 
Anepisternum with a series of 4 long setae, the three upper placed close to each other and the fourth 
placed lower; the row of strong setae interspersed with fine setae; a short seta at upper anterior 
angle. Katepisternals 1+2. Anepimeron with a tuft of setulae above and some scattered setulae on 
posterior half. Posterior spiracle with a row of black setulae on lower and posterior margins. Lower 
calypter about twice as long as upper one. Wing vein R4,; with 1—2 dorsal and ventral setae on the 
node at base, and dorsally about 3—5 setulae beyond node, and a row of ventrals longer than the dor- 
sals from node almost reaching cross-vein r-m. Fore femur with complete rows of posteroventral, 
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posterodorsal and dorsal setae; fore tibia with a strong median posterior seta, one dorsal preapical 
and one posteroventral apical; mid femur with 3 preapical setae, the more dorsal one shorter; mid 
tibia with 2 strong posterior setae on middle third; strong apical seta on ventral and posteroventral 
surfaces; hind femur with a complete anterodorsal row of more or less strong setae; 3-4 anteroven- 
tral setae on apical third, longer apicad; hind tibia with one median anterodorsal, 2 anteroventrals 
on median third, one anterodorsal and one dorsal preapical and one ventral apical, all short. 

ABDOMEN.— Tergites 4—5 each with a marginal row of setae, not much differentiated from 
other setulae on Abdomen. Sternite 5 as in Fig. 49. 

TERMINALIA.— Cercal plate a little higher than wide; surstyli short, not passing margin of cer- 
cal plate (Figs. 50 and 51). Aedeagus as in Figs. 52 and 53. 

FEMALE.— Length. Body. 6.4—6.6 mm, wing: 6.7—6.8 mm. 

Differs from male as follows: Frons at vertex very wide, about 0.35 of head-width. Inner and 
outer vertical setae developed. 

OviPosiToR.— Moderately long; tergites and sternites broad, as in Figs. 54 and 55. 
Spermathecae as in Fig. 55 

OTHER MATERIAL EXAMINED.— PAraTyPEs: same data as holotype: | female, CASENT 3008926; 1 
female, CASENT 3008925 (MNRJ); 1 female, CASENT 3008924 (BMNH); 18-21 April 2004, collection 
code: BLF10834, CASENT 3003934; 18-21 April 2004, 1 male, CASENT 3008920. Antsiranana Province: 
Parc National de Marojejy, Manantenina River, 27.6 km 35° NE Andapa, 9.6 km 327° NNW Manantenina, 
elev. 775m, 14°26'06”S 49°45’36’E, yellow pan trap—rain forest, 15-18 November 2003, B.L. Fisher et al., 
collection code: BLF8873, | female, CASENT 3008931. Fianarantsoa Province: Parc National Ranomafana, 
Talatakely, 30 October-20 November 1998, V.F. Lee, K.J. Ribardo, 1 female, CASENT 8019864. 

ETYMOLOGY.— The name comes from the Latin word niger, meaning black or dark, and refers 
to the dark brown mesonotum. 

DISCUSSION.— The new species can be distinguished from the others recorded from 
Madagascar by the colour pattern of the dorsum of mesonotum and by the presence of only two dor- 
socentral postsutural setae. 


Dichaetomyia (Dichaetomyia) tricolorata Couri, Pont, and Penny, sp. nov. 


TYPE.— Ho orype: male, deposited in CAS, labelled: MADAGASCAR: Toliara Province: Parc National 
d’ Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 
15—28 January 2003, M. Irwin, F. Parker, R. Harin Hala, collection code: MA-02-20-52, CASENT 8078035. 

DIAGNOsISs.— Mesonotum reddish-brown, with a presutural median grey pollinose vitta, best 
seen from behind, which continues faintly behind suture, and with less pollinosity than presutural- 
ly; presuturally the median vitta is bordered by lateral brown non-pollinose vittae; two grey presu- 
tural pollinose areas lateral to the median one, close to the first dorsocentral seta; postpronotum and 
notopleuron yellow. Legs yellow. Abdomen with tergites 1+2 and basal half of tergite 3 somewhat 
yellow. Dorsocentrals 2+2. 

GENERAL COLOR.— Ground-colour brown. Head with frons brown; fronto-orbital plate brown, 
silver pollinose; gena brown with very little silver pollinosity. Antenna with pedicel reddish-yellow 
and flagellomere brown. Palpus brown. Anterior and posterior spiracles yellow. Black setae on pos- 
terior spiracle margin strongly contrasting with its pale colour. Pleura yellowish-brown but not uni- 
formly so, with some grey pollinosity. Anepimeron with black setulae. Calypters whitish, with 
whitish margins. Haltere yellow. Wing clear. Legs yellow. Abdomen brownish-grey pollinose; ter- 
gite 1+2 and basal half of tergite 3 yellow; tergites 3-5 with lateral brown spots, those on tergite 5 
smaller; the differentiated lateral and discal setae each with a small brown bristle-base. 

MALE.— Length. Body: 6.0 mm, wing: 6.2 mm. 
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HEAD.— Eyes with very short and sparse hairs, separated at vertex by width of ocellar trian- 
gle, a little narrower towards middle of eyes and strongly diverging towards lunula. Fronto-orbital 
plate slender. Vertical setae short. Frontal row with 5 pairs of setae, the longest one close to lunula. 
Antenna inserted at mid level of eye; flagellomere about 2.6 times as long as pedicel. Arista with 
long plumes. Gena slender, its width similar to that of flagellomere. Palpus slightly clavate. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+2; 2 postpronotals; 1 presutural; 2 intra-alars; 2 
supra-alars; 2 postsupra-alars. Notopleuron with two setae, the posterior one a little shorter than the 
anterior. Postalar declivity and suprasquamal ridge bare. Scutellum with one long basal and one 
long apical pair of setae, similar in size, and with a few fine latero-inferior setulae on basal two- 
thirds. Anepisternum with a series of 4 long setae, the three upper ones placed close one to the other, 
and the fourth placed lower; some fine setae among the strong ones; a short seta at anterior upper 
angle. Katepisternals 1+2. Anepimeron with a tuft of setulae above and some scattered setulae on 
posterior half. Posterior spiracle with a row of black setulae on lower and posterior margins. Lower 
calypter about twice as long as upper one. Wing vein R4,5 with 1—3 dorsal and ventral setae on the 
node, and 1-2 ventrals slightly beyond this. Fore femur with complete rows of posteroventral, pos- 
terodorsal and dorsal setae; fore tibia without median or submedian setae; one dorsal preapical and 
one posteroventral apical; mid femur with about 5 fine and sparse ventral setae on basal half; pos- 
terior surface with 2—3 preapical setae; mid tibia with 2 posterior setae on middle third; hind femur 
with a complete anterodorsal row of more or less strong setae; anteroventral setae on apical third, 
longer apicad; hind tibia with one median anterodorsal, 2 anteroventrals on median third, one 
anterodorsal and one dorsal preapical and one ventral apical, all short. 

ABDOMEN.— Tergites 1+2—5 each with two pairs of lateral setae; tergites3—5 each with a dis- 
cal row of setae. Sternite 5 as in Fig. 56. 

TERMINALIA.— Cercal plate and surstyli as in Figs. 57 and 58. Aedeagus as in Figs. 59 and 60. 

FEMALE.— Length. Body. 6.0—-6.4 mm, wing: 6.2—6.5 mm. 

Differs from male as follows: Frons at vertex very wide, about 0.35 of head-width. Inner and 
outer vertical setae developed. 

OviposiToR.— Moderately long; tergites and sternites broad, as in Figs. 61 and 62. 
Spermathecae as in Fig. 62. 

OTHER MATERIAL EXAMINED.— PaARATYPES: Same data as holotype: 1 female, CASENT 8078036; 1 
male, CASENT 8078037; 1 female, CASENT 8078034; 29 June—10 July 2003, collection code: MA-02-20- 
31, 1 female, CASENT2070582: 1 female, CASENT 2070589; | female, CASENT 2070603; 1 female, 
CASENT 2070581; 1 female, CASENT 2070597 (BMNH); 28 January—12 February 2004, collection code: 
MA-02-20-53, 1 female, CASENT 8078189; 1 female, CASENT 8078188 (BMNH); 1 female, CASENT 
8078191; 1 female, CASENT 8078190; 6-18 March 2004, collection code: MA-02-20-56, 1 female, CASENT 
8078013; 1 male, CASENT 8078014 (MNRJ); 10-21 September 2003, collection code: MA-02-20-39, 1 
female, CASENT 3010882; 30 October-9 November 2003, 1 female, CASENT 3010986 (MNRJ). 

DISCUSSION.— The new species can be distinguished from the others recorded from 
Madagascar by the tricoloured pattern of the dorsum of mesonotum and by the presence of only two 
postsutural dorsocentral setae. 


Dichaetomyia (Panaga) colorata Couri, Pont, and Penny, sp. nov. 


TyYPE.— Ho orype: male, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Parc 
National Ranomafana, Talatakely, trail FF, elev. 915-1000 m, 4— 20 November 1998, V.F. Lee, K.J. Ribardo, 
CASENT 8019658. 

DIAGNosis.— Eyes very strongly developed, their margins touching at mid level; wings bare, 
general colour dark brown, shining, with scutellum and at least apical half of tergite 5 yellow and 
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strongly contrasting with the ground-colour. 

GENERAL COLOR.— Ground-colour dark brown, somewhat shining. Head with frons brown, 
reddish-yellow close to lunula; fronto-orbital plate silver pollinose; gena light brown. Antenna with 
pedicel brownish-yellow and flagellomere brown. Palpus brown. Anterior and posterior spiracles 
yellow. Black setae on margin of posterior spiracle strongly contrasting with its pale colour. 
Mesonotum dark brown, a little shining, with 3 pollinose presutural areas in some specimens; post- 
pronotum brownish-yellow; some yellow lateral areas present on mesonotum in some specimens; 
scutellum entirely yellow, a little shining. Pleura dark brown, not uniform in colour, with some yel- 
lowish areas. Anepimeron with black setulae. Calypters slightly brownish, with darker margins. 
Haltere yellow. Wing clear. Legs with femora brown and tibia and tarsi yellow. Abdomen brown to 
dark brown, somewhat shining; tergite 5 yellow at least on its apical half. 

MALE.— Length. Body: 6.0 mm, wing: 6.3 mm. 

HEAD.— Eyes with very short and sparse hairs, very strongly developed, separated at vertex 
by the width of the ocellar triangle, and just below ocellar triangle with their margins touching and 
then strongly diverging towards lunula. Fronto-orbital plate very slender. Vertical setae short. 
Frontal row with about 5 pairs of setae, the longest pair close to lunula. Antenna inserted at mid 
level of eye; flagellomere about 2.6 times as long as pedicel. Arista with long plumes. Gena slen- 
der, its width similar to that of flagellomere. Palpi slightly clavate. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+3; 2 postpronotals; | presutural; 2 intra-alars; 2 
supra-alars; 2 postsupra-alars. Notopleuron with two setae, the posterior one a little shorter than the 
anterior. Postalar declivity and suprasquamal ridge bare. Scutellum with one long basal and one 
long apical pair of setae, similar in size, and with a few fine latero-inferior setulae on basal two- 
thirds. Anepisternum with a series of 5 long and strong setae, with some fine setae among them, and 
a shorter one at anterior upper angle. Katepisternals 1+2. Anepimeron with a tuft of setulae above 
and a very few scattered ones in posterior half. Posterior spiracle with a row of black setulae on 
lower margin. Lower calypter about twice as long as upper one. Wing veins bare. Fore femur with 
complete rows of posteroventral, posterodorsal and dorsal setae; fore tibia without median or sub- 
median setae; one strong dorsal preapical and one posteroventral apical; mid femur with about 4 
preapical setae, one dorsal, one posterodorsal and 2 posterior; mid tibia with 2 posterior setae on 
middle third; hind femur with a complete anterodorsal row of setae and 4—5 anteroventrals on api- 
cal third, longer apicad; hind tibia with one median anterodorsal, 2 anteroventrals on median third, 
one anterodorsal and one dorsal preapical and one ventral apical, all short. 

ABDOMEN.— Tergites 34 each with two pairs of lateral setae; tergites 3—5 each with a discal 
row of setae, none very differentiated from ground-setulae. Sternite 5 as in Fig. 63. 

TERMINALIA.— Cercal plate more or less as wide as high; surstyli short, not passing cercal 
plate margin (Figs. 64 and 65). Aedeagus as in Figs. 66 and 67. 

FEMALE.— Length. Body. 6.0-6.4 mm, wing: 6.2—6.5 mm. 

Differs from male as follows: Frons at vertex very wide, about 0.35 of head-width. Inner and 
outer vertical setae developed. 

OvipositorR.— Moderately long; tergites broad as in Figs. 68 and 69. Spermathecae as in Fig. 
69. 

OTHER MATERIAL EXAMINED.— MapbaGascar: Antsiranana Province: Parc National de Marojejy, 
Antranohofa, 26.6 km 31° NNE Andapa, 10.7 km 318° NW Manantenina, elev. 1325m, 14°26'36’S 
49°44’36”E, yellow pan trap—montane shrubland, 18 November 2003, B.L. Fisher, collection code: BLF9081 
| female, CASENT 3009040; 1 female, CASENT 3009037 (MNRJ). Fianarantsoa Province: Parc National 
Ranomafana, Vohiparara, at broken bridge, elev. 1100 m, 21°13’57”S 47°22’19”E, Malaise trap, in high alti- 
tude rainforest, 26-31 March 2002, Harin’Hala, collection code: MA-02-09A-22, 1 female, CASENT 
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3009399: 16 October—8 November 2001, collection code: MA-02-09A-01, 1 male, CASENT 3010420. Radio 
tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43’E, Malaise trap, mixed tropical forest, 14-21 January 
2002, R. Harin’ Hala, collection code: MA-02-09B-12, 1 male, CASENT 3009783. Belle Vue at Talatakely, 
elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 26 February—4 March 2002, R. 
Harin Hala, collection code: MA-02-09C-18, 1 male, CASENT 3010591. Belle Vue Trail, elev. 1000 m, 
21°15.6’S 47°25.6'E, tropical forest, 21 December 1999, M.E. Irwin and E.I. Schlinger, collection code: 
MEI.99-MA-7, | female, CASENT 8018206 (BMNH). 

DiscussIon.— The general body colour very closely resembles D. madagascariensis, but in 
that species the scutellum is black and the abdominal tergite 1+2 is yellow. 


Dichaetomyia (Panaga) flabellifera Couri, Pont, and Penny, sp. nov. 


TypPE.— Ho oryre: male, deposited in CAS, labelled: MADAGASCAR. Fianarantsoa Province: Belle 
Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 28 January—4 
February 2002, R. Harin’ Hala, collection code: MA-02-09C-18, 1 male, CASENT 3010478. 

DIAGNOsIS.— Males can be easily distinguished by the preapical ventral tuft of long setae on 
hind femur. The reddish ground-colour of the mesonotum and the yellow postpronotum in almost 
all the specimens also helps to identify the species. 

GENERAL COLOR.— Ground-colour reddish-brown. Head with frons brown, reddish close to 
lunula; fronto-orbital plate with very little grey pollinosity; gena light brown. Antenna with pedicel 
yellowish and flagellomere brown. Palpus brown. Anterior and posterior spiracles yellow. Black 
setae On margin of posterior spiracle strongly contrasting with its pale colour. Mesonotum reddish- 
brown, a little shining, with 3 grey pollinose vittae, the median one larger and best seen from 
behind; postpronotum yellowish. Pleura reddish-brown with some grey pollinosity. Anepimeron 
with black setulae. Calypters whitish with whitish margins. Haltere yellow. Wing clear. Legs yel- 
low. Abdomen brown with tergite 1+2 and usually basal half of tergite 3 yellow; tergite 5 yellow at 
least at apex. 

MALE.— Length. Body: 6.3 mm, wing: 6.2 mm. 

HEAD.— Eyes with very short and sparse hairs, well developed, separated at vertex by the 
width of ocellar triangle, just below ocellar triangle with their margins touching and then strongly 
diverging towards lunula. Fronto-orbital plate very slender. Vertical setae short. Frontal row with 
about 4-5 pairs of setae, the longest one close to lunula. Antenna inserted at mid level of eye; fla- 
gellomere about 2.6 times as long as pedicel. Arista with long plumes. Gena slender, its width sim- 
ilar to that of flagellomere. Palpus slightly clavate. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+3; 2 postpronotals; 1 presutural; 2 intra-alars; 2 
supra-alars; 2 postsupra-alars. Notopleuron with two setae, the posterior one a little shorter than the 
anterior. Postalar declivity and suprasquamal ridge bare. Scutellum with one long basal and one 
long apical pair of setae, similar in size, and with fine latero-inferior setula on basal two-thirds. 
Anepisternum with a series of 4-5 long and strong setae, and with some fine setae among them; a 
shorter one at anterior upper angle. Katepisternals 1+2. Anepimeron with a tuft of setulae above and 
scattered setulae on posterior half. Posterior spiracle with a row of black setulae on lower margin. 
Lower calypter about twice as long as upper one. Wing veins bare. Fore femur with complete rows 
of posteroventral, posterodorsal and dorsal setae; fore tibia without median or submedian setae; one 
strong dorsal preapical and one posteroventral apical; mid femur with about 4 preapical setae, one 
dorsal, one posterodorsal and 2 posterior, the latter two longer; mid tibia with 2 posterior setae on 
middle third; hind femur with a complete anterodorsal row of setae and 2—3 anteroventrals on api- 
cal fourth, one preapical dorsal, one anterodorsal and one posterodorsal; posteroventral surface with 
a preapical tuft of long setae with curled tips; hind tibia with one median anterodorsal, 2 anteroven- 
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trals on median third, one anterodorsal and one dorsal preapical and one ventral apical, all short. 

ABDOMEN.— Tergites 3-4 each with two pairs of lateral setae; tergites 3-5 each with a discal 
row of setae, none very differentiated from the ground-setulae. Sternite 5 as in Fig. 70. 

TERMINALIA.— Cercal plate with deep median concavities; surstyli passing cercal plate mar- 
gin (Figs. 71 and 72). Aedeagus as in Figs. 73 and 74. 

FEMALE.— Length. Body. 6.0—6.2 mm, wing: 6.2—6.4 mm. 

Differs from male as follows: Frons at vertex very wide, about 0.35 of head-width. Inner and 
outer vertical setae developed. Hind femur without a preapical tuft of setae. 

OvipPosiTorR.— Moderately long; tergites broad (Figs. 75 and 76). Spermathecae as in Fig. 76. 

OTHER MATERIAL EXAMINED.— PaRATYPES: Same data as holotype: 28 January—-4 February 2002, col- 
lection code: MA-02-09C-14, 1 female, CASENT 3010477; 22-28 November 2001, MA-02-09C-04, 1 
female, CASENT 3009745; 1 female, CASENT3009730; 1 male, CASENT 3009737 (MNRJ); 3-13 June 
2002, collection code: MA-02-09C-31, 1 female, CASENT 3010405; 26 February—4 March 2002, collection 
code: MA-02-09C-18, 1 female, CASENT 3010592 (MNRJ). Vohiparara, at broken bridge, elev. 1100 m, 
21°13’57”S 47°22’19’E, Malaise trap, in high altitude rainforest, 6-15 December 2001, R. Harin’ Hala, collec- 
tion code: MA-02-09A-06, 1 female, CASENT 3010020 (BMNH); 15-22 April 2002, collection code: MA- 
02-09A-25, | female, CASENT 3010491. Radio tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43”E, 
Malaise trap, mixed tropical forest, 14-21 January 2002, R. Harin’ Hala, collection code: MA-02-09B-12, 1 
female, CASENT 3009779. JIRAMA, water works, 21°14.91’S 47°27.13’E, Malaise trap near river, elev 690 
m, 28 November 2001, R. Harin’Hala, collection code: MA-02-09D-04, | female, CASENT 3010541; 28 
November—6 December 2001, collection code: MA-02-09D-05, 1 female, CASENT 3010548; 16 October—8 
November, collection code: MA-02-09D-01, 1 male, CASENT 3010415 (BNMH). 

DiscussION.— In Emden’s (1942a) key, the new species runs to couplet 47 and to D. immac- 
uliventris Malloch which differs from the new species by the pale mesonotum with one median 
dusted vitta and yellow palpus. This new species 1s actually extraordinarily similar to Dichaetomyia 
fasciculifera (Stein, 1910), from the Seychelles. The male of D. fasciculifera differs from that of D. 
flabellifera by having the hind tibia dark brown, the tuft of curled setae on hind femur longer and 
more compact, and the scutum shining yellow and undusted. 


Dimorphia Malloch, 1922 


DIAGNOSIS.— Arista plumose; prosternum bare or setulose; anepimeron and meron bare; weak 
anterior intra-alar seta present only in female; prealar short and strong; several wing veins with 
black setulae on the greater part of their length, usually on Sc, Rs, Ry,5 and M as follows: ventral 
surface of vein R before the cross-vein, usually on both surfaces; on base of Sc, usually on both sur- 
faces; ventral surface of R4,; almost to the cross-vein; on both surfaces of M to beyond posterior 
cross-vein; and also sometimes on lower surface of Cu; vein M distinctly curved upwards at apex; 
hind tibia without calcar. [REF. Emden 1951]. 

AFROTROPICAL FAUNA.— Five species are widespread from the east to south of the 
Afrotropical region, including Mauritius, Madagascar and the Congo Basin. Emden (1951) men- 
tioned that very few characters have been found to segregate the species of the genus and that the 
colour of the thorax and abdomen are apparently variable in females. He gave a key to the 5 species 
recorded from the Afrotropical region. 

The larva of D. cognata breeds in cow dung. 

MADAGASCAN FAUNA.— Only one species has been recorded from Madagascar, D. cognata 
(Robineau-Desvoidy, 1830) (as D. flavicornis in Emden’s (1940) key). The species is widespread 
in east to southern Africa, also occurring in Cameroun, Réunion, Madagascar and Socotra. It can be 
recognized by the conspicually narrowed cell r5 at apex and sinuous cross-vein dm; lower katepis- 
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ternal seta as strong as anterior one; hind coxa bare on posterior surface. The species was found in 
the material studied. 


MATERIAL EXAMINED: KNOWN SPECIES 


D. cognata: MADAGASCAR: Toliara Province: Sept Lacs, elev. 120 m, 23°31'65”S 44°9’35”E, Malaise 
trap, gallery forest, 21-26 August 2002, Frontier Wilderness Project, collection code: MGF038, 1 male, 
CASENT 3009226. Manderano, elev. 70 m, 23°31’39”S 44°5’18”E, Malaise trap, edge of marsh, 5 m from 
road, gallery forest, 23 June—28 July 2002, Frontier Wilderness Project, collection code: MGFO035, 1 male, 
CASENT 3009328. Fiherenana, elev. 50 m, 23°14’07”S 43°52’15”E, Malaise trap, in degraded gallery forest, 
1 December 2002, Frontier Wilderness Project, collection code: MGF049, | male, CASENT 3009269. 16 
km east Sakaraha, Zombitse Nature Reserve, 825 m, 22°88’23”S 44°70'06”E, 13 December 1999, tropical for- 
est on sand, M.E. Irwin and E I. Schlinger, Schlinger Foundation Madagascar Expedition, collection code: 
MEI.99-MA.14, 1 female, CASENT 8018319. Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 
43°28.53’E, Malaise trap, deciduous dry forest, 17-28 January 2002, R. Harin’ Hala, collection code: MA-02- 
18A-11, 1 female, CASENT 3010091. Parc National d’Andohahela, Tsimelahy, Parcelle IH, elev. 180 m, 
24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 28 March—8 April 2003, M. Irwin, F. Parker, R. 
Harin’ Hala, collection code: MA-02-20-20, 1 male, CASENT 2070508; 8-18 March 2003, collection code: 
MA-02-20-18, 1 female, CASENT 3010946; 1 female, CASENT 3010945; 30 October—9 November 2003, 
collection code: MA-02-20-44, 1 female, CASENT 3010995; 1 female, CASENT 3010992; 29 June—10 July 
2003, collection code: MA-02-20-31, 1 female, CASENT 2070612; 15-28 January, collection code: MA-02- 
20-52, 1 female, CASENT 8078030; 28 January—12 February 2003, collection code: MA-02-20-53, 1 female, 
CASENT 8078199; | female, CASENT 8078198. Mahajanga Province: Parc National d’ Ampijoroa, 160 km 
N of Maevatanana on RN 04, elev. 43 m; 16°19.16’S 46°48.80’E, Malaise trap, in deciduous forest, 28 
September—S October 2003, R. Harin’Hala, collection code: MA-25-17, 1 female, CASENT 2070634. 
Toamasina Province: dct [District of] Ambatondrazaka, Station Agric. Alaotra, 800 m, 24 December 1957, 3 
males, B.R. Stuckenberg (NMSA, BMNH). 


Fraserella Steyskal, 1966 


DIAGNOsIs.— Eyes haired; arista plumose; two or three pairs of well developed acrostichal 
setae: dorsocentrals 3+4; lower calypter large; vein M curved forward at apex; mid tibia with a 
strong submedian posteroventral seta; hind tibia with a short calcar; wing veins bare; prosternum, 
anepimeron and meron bare. 

AFROTROPICAL FAUNA.— The genus is recorded from the Afrotropical region only on the basis 
of one unnamed species from Madagascar. 

MADAGASCAN FAUNA.— Only one unnamed species is known from Madagascar, closely simi- 
lar to the Oriental species Fraserella altivolans Steyskal, 1966. 


MATERIAL EXAMINED: UNNAMED SPECIES 


MapbaGascar: Antsiranana Province: dct [District of] Diego Suarez, Montagne d’ Ambre, 1000 m, 23 
November—4 December 1958, | female, B.R. Stuckenberg (NMSA). 


Graphomya Robineau-Desvoidy, 1830 


DIAGNOsIS.— Mesonotum and abdomen with characteristic colour patterns; male holoptic; 
female without interfrontal setae; arista enlarged on basal third, plumose; dorsocentrals 2+4; pre- 
alar absent; postalar wall, suprasquamal ridge and prosternum bare; anepimeron, proepisternum and 
prosternum bare; anterior katepisternal seta absent; lower calypter broad, of the Musca-type; pos- 
terior spiracle bare on margins; hind tibia without calcar; vein M curved forwards at apex; vein Ry,5 
setulose at base; sternite 1 setulose. (Couri and Carvalho 2002). 
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The larvae live in liquid or semi-liquid substrates and are highly predaceous, feeding especial- 
ly on larvae of other Diptera (Syrphidae and Ptychopteridae). 

AFROTROPICAL FAUNA.— Thirteen species of Graphomya have been recorded from the 
Afrotropical region, widely distributed throughout the region. 

MADAGASCAN FAUNA.— G rossi Zielke, 1974 is the only Graphomya species known to occur 
in Madagascar, and is endemic. The species has a well developed head in relation to the rest of the 
body; antenna and palpus dark brown; mesonotal and abdominal colour patterns differing from the 
characteristic markings in Graphomya, as follows: one median presutural vitta and two laterals well 
marked presuturally, none of them reaching scutellum; abdominal tergites 1+2 and 3 yellow with a 
thin median brownish-grey pollinose vitta, tergites 4 and 5 brown with grey pollinosity on middle 
third. No Graphomya was found among the material studied, but the holotype of G rossi is in the 
CAS collection and was examined. 


MATERIAL EXAMINED: KNOWN SPECIES 


G. rossi: MADAGASCAR: 65 km S. of Antananarivo [Tananarive], 25 November 1959, E.S. Ross, 
Holotypus Graphomya rossi, E. Zielke det 1972. Type no. CAS11874. 


Hebecnema Schnabl, 1889 


DIAGNOsIS.— Eyes very well developed, especially in males where they almost touch at the 
middle; arista plumose; prealar seta absent; presutural acrostichal hairs in 4 more or less regular 
rows, those in outer rows longer and stronger than those in inner rows; dorsocentrals 2+4; katepis- 
ternals 1+2; one well developed prostigmatal seta; anepimeron bare; vein M not curved forwards; 
fore tibia without median seta: hind tibia with one anteroventral and one anterodorsal setae, calcar 
absent. [REF. Emden 1951] 

The larvae are obligate carnivores, living mainly in dung but occasionally in decaying plant 
material. 

AFROTROPICAL FAUNA.— The Afrotropical fauna contains 6 species. Emden (1951) gave a key 
to 4 of them. 

MADAGASCAN FAUNA.— Only H. semiflava Stein, 1913 has been recorded from Madagascar. 
This is a small (body length: 3.5—5.0 mm) muscid with antenna and palpus dark brown; thorax and 
scutellum dark brown; legs dark brown, tibia brownish-yellow; abdomen dark brown with a little 
grey pollinosity; hind leg long, longer than the length of mesonotum. It is widespread from east to 
southern Africa, also occurring in Ghana, Rwanda, D.R. Congo, Mauritius and the Comoros Is. The 
species was found among our material, and the series shows considerable variation in the colour 
mainly of the legs, antenna, palpus and halteres, as was also recorded by Emden (1951). A new 
species was also found and is described here. 


Key to the Madagascan Species of Hebecnema 


1. Postpronotum concolorous with mesonotum; abdomen brown and yellow, but never entirely yel- 
low; legs yellow and brown; flagellomere usually brown (widespread east to southern Africa, 
also occurring in Ghana, Rwanda, D.R. Congo, Mauritius and the Comoros Is.) .. H. semiflava 
Stein 
Postpronotum yellow, contrasting with the brown mesonotum; abdomen entirely yellow; legs 
yellow, tarsi somewhat brown; flagellomere entirely yellow (Madagascar) 

Ree on as ee ESS Lae SR ative 38 Le ee eee H. humeralis, sp. nov. 
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MATERIAL EXAMINED: KNOWN SPECIES 


H. semiflava: MADAGASCAR: Antsiranana Province: Parc National de Marojejy, Manantenina River, 
28.0 km 38° NE Andapa, 8.2 km 333° NNW Manantenina, elev. 450 m, 14°26’12”S 49°46’30’E, Malaise 
trap—rain forest, 12—25 November 2003, B.L. Fisher ef al., collection code: BLF8723, 1 female, CASENT 
3008907; 1 male, CASENT 3000908; 1 female, CASENT 3008909; 1 female, CASENT 3008912; 1 female, 
CASENT 3008905; 1 female, CASENT 3008910; 1 female, CASENT 3008906 (MNRJ); 1 male, CASENT 
3010156; 1 female, CASENT 3010138; 1 male, CASENT 3010139; 1 male, CASENT 3010147 (MNR3J); 1 
female, CASENT 3010137; 1 male, CASENT 3010155; 1 male, CASENT 3010153; 1 female, CASENT 
3010135; 1 male, CASENT 3010148; 1 female, CASENT 3010134; 1 female, CASENT 3010131; 1 female, 
CASENT 3010133; 1 female, CASENT 3010154. Fianarantsoa Province: Parc National Ranomafana, 
Vohiparara, at broken bridge, elev. 1100 m, 21°13’57”S 47°22’19’E, Malaise trap, in high altitude rainforest, 
6-15 December 2001, R. Harin’Hala, collection code: MA-02-09A-06, 1 female, CASENT 3009998; 1 
female, CASENT 3010001; 15-22 November 2001, R. Harin’ Hala, collection code: MA-02-09A-03, 1 female, 
CASENT 3010047; 31 March 2002, collection code: MA-02-09A-22, | female, CASENT 3009375; | male, 
CASENT 3009376; 19-26 February 2002, collection code: MA-02-09A-17, 1 female, CASENT 3010454. 
Radio tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise trap, mixed tropical forest, 15-21 
December 2001, R. Harin’Hala, collection code: MA-02-09B-07, 1 female, CASENT 3010856. JIRAMA, 
water works, 21°14.91’S 47°27.13’E, Malaise trap near river, elev. 690 m, 10-14 January 2002, R. Harin’ Hala, 
collection code: MA-02-09D-11, 1 female, CASENT 3009940; 1 female, CASENT 3009988; 1 male, 
CASENT 3009933; 1 female, CASENT 3009941; 16 October—8 November 2001, collection code: MA-02- 
O9D-01, 1 female, CASENT 3010413: 8-15 November 2001, collection code: MA-02-09D-02, 1 female, 
CASENT 3010725. Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap, decid- 
uous dry forest, 17—28 January 2002, R. Harin’Hala, collection code: MA-02-18A-11, 1 female, CASENT 
3010119; 1 female, CASENT 3010098. Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise 
trap, secondary tropical forest, 14-21 January 2002, R. Harin’ Hala, collection code: MA-02-09C-12, | female, 
CASENT 3009817; 1 female, CASENT 3009814 (MNRJ); 22-28 November 2001, collection code: MA-02- 
09C-04, 1 female, CASENT 3009749; 12-19 February 2002, collection code: MA-02-09C-16, 1 female, 
CASENT 3009771. Vakoana, 1520 m, Andringitra Ambalavao, 21—24 January 1958, 1 male, 2 females, B.R. 
Stuckenberg (NMSA). Toliara Province: Sept Lacs, elev. 120 m, 23°31’65”S 44°9’35”E, Malaise trap, gallery 
forest, 21-26 August 2002, Frontier Wilderness Project, collection code: MGF038, 1 female, CASENT 
3009230. Antafoky, elev. 60 m, 23°28’44”S 44°3’56’E, Malaise trap, gallery forest, 25-28 January 2002, 
Frontier Wilderness Project, collection code: MGFOO02, | female, CASENT 3009598. Mikea Forest, NW of 
Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap—in deciduous dry forest, 17-28 January 2002, R. 
Harin’ Hala, collection code: MA-02-18A-11, 1 female, CASENT 3010097; 21-31 August 2003, collection 
code: MA-02-18A-66, 1 female, CASENT 3010293. Mahajanga Province: Parc National d’ Ampijoroa, 160 
km N of Maevatanana on RN 04, elev. 43 m, 16°19.16’S 46°48.80’E, Malaise trap, in deciduous forest, 19-26 
October 2003, R. Harin’Hala, collection code: MA-25-20, 1 female, CASENT 30103509. Toamasina 
Province: Moramanga, Route d’ Anosibe, 840 m, 18-24 December 1957, | male, B.R. Stuckenberg (NMSA). 
Ivontaka, 15 m, dct [District of} Mananara, 10-14 March 1958, 1 male, B.R. Stuckenberg (BMNH). 


DESCRIPTIONS OF NEW SPECIES OF HEBECNEMA 
Hebecnema humeralis, Couri, Pont, and Penny, sp. nov. 


TyPE.— Ho.otype: female: MADAGASCAR: Fianarantsoa Province: JIRAMA, water works, 
21°14.91’S 47°27.13’E, Malaise trap near river, elev 690 m, 10-14 January 2002, R. Harin’ Hala, collection 
code: MA-02-09D-11, CASENT 3009932. 

DIAGNOsIs.— Antenna with scape, pedicel and arista brownish-yellow. Palpus brown on basal 
half and yellow on apical half. Anterior spiracle yellow. Mesonotum dark brown, little shining with 
some grey pollinosity; postpronotum and abdomen entirely yellow and strongly contrasting with 
mesonotum. Haltere yellow. Legs yellow, tarsi brown. 


840 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Fourth Series, Volume 57, No. 29 


GENERAL COLOR.— Head with frons and fronto-orbital plates brown, with some grey pollinos- 
ity; and parafacial and gena brown, with intense grey pollinosity. Antenna with scape, pedicel and 
arista brownish-yellow. Palpus brown on basal half and yellow on apical half. Anterior spiracle yel- 
low, posterior spiracle brown. Mesonotum dark brown, a little shining, with no traces of vittae and 
with some grey pollinosity; postpronotum yellow and strongly contrasting with mesonotum. 
Calypters whitish-yellow. Haltere yellow. Wing clear. Legs yellow, tarsi brown. Abdomen entirely 
yellow, with no trace of spots. 

FEMALE.— Length. Body: 3.8—5.0 mm, wing: 4.0-5.3 mm. 

HEAD.— Frons at vertex about one-third of head-width. Fronto-orbital plate slender. Vertical 
setae developed. Ocellar triangle short. Frontal row with 5—6 pairs of setae. Antenna inserted at mid 
level of eye; flagellomere long, about 3.5 times as long as pedicel. Arista with long plumes. Gena 
slender, less than width of flagellomere. Palpus filiform. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+4; 2 postpronotals; | presutural; 2 intra-alars; 2 
supra-alars; 2 postsupra-alars. Notopleuron with two setae. Postalar declivity and suprasquamal 
ridge bare. Scutellum with one long basal and one long apical pair of setae, similar in size. 
Anepisternum with a series of 4 long and strong setae with 2-3 fine setae among them. 
Katepisternals 1+2, the anterior and the lower ones moderately developed, the posterior one very 
long. Anepimeron bare. Posterior spiracle with margins bare. Lower calypter about twice as long as 
upper one. Wing with 1—2 ventral hairs on basal node of vein Ry,5. Fore femur with a complete row 
of posterodorsal, dorsal and posteroventral setae, the latter longer and more spaced; fore tibia with- 
out median or submedian setae, one dorsal preapical; mid femur with 2 preapical dorsal setae; mid 
tibia with 2 posterior setae on middle third and a very strong ventral apical; hind femur with a com- 
plete anterodorsal row of setae and 34 anteroventrals on apical third; hind tibia with one median 
anterodorsal and one submedian anteroventral setae, both short; one dorsal preapical and one ven- 
tral apical. 

ABDOMEN.— Tergite 4 with a marginal row of setae; tergite 5 with a marginal and a discal row 
of setae. 

Ovipositor.— Mydaea-type, as in Fig. 77. Spermathecae as in Fig. 77. 

MALE.— Unknown. 

LARVAE.— General aspect, cephalopharyngeal skeleton and posterior spiracles as in Figs. 
78-80. 

OTHER MATERIAL EXAMINED.— ParatyPes labelled: MADAGASCAR: Fianarantsoa Province: same 
data as holotype: | female, CASENT 3009966; 1 female, CASENT 3009957 (MNRJ); 1 female, CASENT 
3009958; 1 female, CASENT 3009959; | female, CASENT 3009982 (BMNH); 1 female, CASENT 3009934; 
1 female, CASENT 3009963 (MNRJ); 1 female, CASENT 3009952; 1 female, CASENT 3009948. Parc 
National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary 
tropical forest, 14-21 January 2002, R. Harin’Hala, collection code: MA-02-09C-12, 1 female, CASENT 
3009849 (BMNH); | female, CASENT 3009822; 14-24 July 2002, collection code: MA-02-09C-35, 1 female, 
CASENT 3010481. Radio tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise trap, mixed 
tropical forest, 15-21 December 2001, R. Harin’ Hala, collection code: MA-02-09B-07, 1 female, CASENT 
3009918; 1 female, CASENT 3009877; 1 female, CASENT 3009914; 1 female, CASENT 3009883; 1 female, 
CASENT 3009895; 26-31 March 2002, collection code: MA-02-09B-22, 1 female, CASENT 3010682. 
Vohiparara at broken bridge, elev. 1100 m, 21°13’57”S 47°22’19’E, Malaise trap, in high altitude rainforest, 
25 May June 2001, Harin’ Hala, collection code: MA-02-09A-30, 1 female, CASENT 3010559; female, 
CASENT 3010560; 1 female, CASENT 3010561; 15-22 April 2002, collection code: MA-02-09A-25, 1 
female, CASENT 3010488; 1 female, CASENT 3010489. 

Discussion.— As stated in Emden (1951), the Afrotropical species of this genus are extreme- 
ly homogeneous in structural characters and can mainly be separated by colour patterns, although 
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there is also a considerable infra-specific variation. The new species differs from the other one 
recorded from Madagascar and also from its other congeners by the yellow flagellomere, post- 
pronotum, legs and abdomen which contrast with the dark brown thorax and face. This pattern is 
homogeneous throughout the type-series and does not conform to any of the four colour patterns 
mentioned by Emden (1940) for H. semiflava. The new species is viviparous, as the larva was found 
inside the abdomen, and this is the second record of a viviparous species of Hebecnema. Skidmore 
(1985) stated that: “Whilst most species deposit eggs in the pabulum, at least one species (infusca- 
ta) appears to be viviparous.” H. infuscata (Bigot) is known only from New Caledonia and Papua 
New Guinea, where it is widespread up to 900 m. 


Helina Robineau-Desvoidy, 1830 


DIAGNOsISs.— Male head holoptic or dichoptic; eyes with few hairs; arista plumose; mesono- 
tum with 4 dark vittae; dorsocentrals 2+3; fore tibia without median seta; veins R4,; and M con- 
spicuously divergent at apex; prosternum and anepimeron bare; wing veins bare; prealar present in 
male; hind tibia with the calcar absent. 

The larvae are obligate carnivores, and live mainly in moss, humus soil, the diseased and 
decaying parts of trees or herbaceous plants, and decaying fruits. 

AFROTROPICAL FAUNA.— Helina is one of the largest muscid genera in the Afrotropical region, 
with 96 species distributed throughout the region. 

MADAGASCAN FAUNA.— Two Helina species have been described and are endemic to 
Madagascar: H. cyanea (Stein, 1906) and H. insignis (Séguy, 1935), the latter also found in our 
material. H lucida (Stein, 1913) is recorded for the first time from Madagascar, where it was main- 
ly collected in Mahajanga Province and 1s represented by a long series (with more material in alco- 
hol). This species has an “Anthomyia-pattern” on the mesonotum, i.e a transverse brown band just 
behind suture. It can be easily identified with the key by Emden (1951). Most of the specimens have 
the transverse band semi-interrupted by a narrow dorsocentral line of pale dust, as in the Eritrean 
specimens mentioned in Emden’s (1951) key. Three new species are described here, H. flavomac- 
ulata, sp. nov., H. carpiae, sp. nov., and H. grisella, sp. nov. 


Key to the Madagascar Species of Helina 


1. Mesonotum with an “Anthomyia-pattern”, with a transverse brown band just behind suture, par- 
tially or entirely interrupted by grey dust along the dorsocentral rows of setae; 2 narrow presu- 
tural vittae between acrostichal and dosocentral rows of setae, not reaching suture (Ethiopia, 


Kenya, Rwanda, southern Africa, D.R. Congo, Madagascar)............... H. lucida (Stein) 
Riesonommawithsal ditterent colourpattem emai eee eet a eo ee ee eee See 2 
Pabiesonoimmrand/orabdomenyshinine blue ¥ siyy. 4. 2S See es toe eet eee 3 
Mesonommlbrown nol Shining DIMEr ie pute aan is eee fdr ot ol a CON tcl e ence ewes omer >) 


3. Postpronotum, scutellum and apical half of tergite 5 yellow (Madagascar) 
x cits 6 OM DID Es BIC OREY DEC eR SACRE ar ARR ea LNG, Ai ie og RPS ari PLO H. flavomaculata, sp. nov. 
Postpronotum, scutellum and apical half of tergite 5 concolorous with rest of body......... + 
4. Body covered with a white and velvety pruinosity; head dark brown with silver pollinosity on 
lunula, fronto-orbital plate, gena and ocellar triangle, the latter reaching lunula (Madagascar) 
EAA, Wg BAI 8 ih Sa and dab no eat tiie ok oan, CVn ie ie a amie H. insignis (Séguy) 
Body not covered with white pruinosity; general colour of head different from that described 
SI a ioe OES BEN EN So 2s od cations ike ae ca UR RU A ln at elo Co PRR Aina H. cyanea (Stein) 
5. Dorsum of mesonotum with a strongly golden dusted median vitta beginning after suture and 
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expandingstowardsyscutellumi(Madagascan) Sater eee eee H. carpiae, sp. nov. 
Dorsum of mesonotum grey pollinose with no golden dusted median vitta (Madagascar) 
rs Farts HE Fly RT, eto tel nes oo Ye eet) Lg Eis he Das Shen rarer ya a H. grisella, sp. nov. 


MATERIAL EXAMINED: KNOWN SPECIES 


H. insignis: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, Vohiparara, at broken 
bridge, elev. 1110 m, 21°13’57”S 47°22’19’E, Malaise trap, in high altitude rainforest, 31 March—8 April 2002, 
R. Harin’ Hala, collection code: MA-02-09A-23, 1 female, CASENT 3010570; 1 male, CASENT 3010578; 18 
October—8 November, collection code: MA-02-09A-01, 1 female, CASENT 3010419. 

H. lucida: MADAGASCAR: Mahajanga Province: Parc National d’ Ampijoroa, 160 km N of Maevatanana 
on RN 04, elev. 43 m, 16°19.16’S 46°48.80’E, Malaise trap, in deciduous forest, 12-19 October 2003, R. 
Harin’ Hala, collection code: MA-25-19, 1 male, CASENT 3010512; 1 male, CASENT 3010511; 1 female, 
CASENT 3010514: 1 female, CASENT 3010537; 1 male, CASENT 3010515; 1 female, CASENT 3010516; 
1 male, CASENT 3010519; 1 female, CASENT 3010520 (MNRJ):; 1 male, CASENT 3010521; 1 male, 
CASENT 3010522: 1 male, CASENT 3010523; 1 female, CASENT 3010524; 1 female, CASENT 3010525; 
1 male, CASENT 3010526: | female, CASENT 3010527: | male, CASENT 3010528; 1 male, CASENT 
3010529; 1 female, CASENT 3010530; 1 female, CASENT 3010531; 1 male, CASENT 3010532; 1 female, 
CASENT 3010533: 1 male, CASENT 3010534; 1 female, CASENT 3010535; 1 female, CASENT 3010536; 
1 female, CASENT 3010537; 1 female, CASENT 3010538; | female, CASENT 3010539; | male, CASENT 
3010517; | male, CASENT 3010540; 19-26 October 2003, collection code: MA-25-20, | male, CASENT 
3010376; | female, CASENT 3010608; 1 female, CASENT 3010609; | male, CASENT 3010604; 1 male, 
CASENT 3010605; 1 male, CASENT 3010606; 1 male, CASENT 3010607 (MNRJ); 1 male, CASENT 
3010610; 1 male, CASENT 3010611; 1 female, CASENT 3010844; 1 male, CASENT 3010848; 1 male, 
CASENT 3010851; | female, CASENT 3010846; 1 female, CASENT 3010847: 1 female, CASENT 3010849; 
1 female, CASENT 3010850: | female, CASENT 3010392; | female, CASENT 3010397; 1 female, CASENT 
3010396: | female, CASENT 3010395; | female, CASENT 3010386; | female, CASENT 3010378; 1 female, 
CASENT 3010399; | female, CASENT 3010398; 1 male, CASENT 3010371; 1 male, CASENT 3010376; 1 
male, CASENT 3010377; | male, CASENT 3010513; 1 male, CASENT 3010389; 1 male, CASENT 3010372; 
1 male, CASENT 3010381; 1 male, CASENT 3010394: 1 male, CASENT 3010402; 1 female, CASENT 
3010377; 1 female, CASENT 3010403: 1 female, CASENT 3010380; 1 female, CASENT 3010390; 1 female, 
CASENT 3010382; | female, CASENT 3010383; 1 female, CASENT 3010401; 1 female, CASENT 3010393; 
| female, CASENT 3010391; 1 female, CASENT 3010400; 26 October—2 November 2003, collection code: 
MA-25-21, 1 male, CASENT 3010817; 24-31 August 2003, collection code: MA-25-12, 1 female, CASENT 
3010692: 1 female, CASENT 3010693 (MNRJ): 1 female, CASENT 3010694; 1 female, CASENT 3010697; 
1 female, CASENT 3010699; 1 female, CASENT 3010702: 1 female, CASENT 3010705; 1 female, CASENT 
3010708; 1 female, CASENT 3010709; | female, CASENT 3010710; 1 female, CASENT 3010711; 1 female, 
CASENT 3010712; 1 female, CASENT 3010715: 1 female, CASENT 3010716; 1 female, CASENT 3010717 
(MNRJ): 1 male, CASENT 3010818: 1 male, CASENT 3010704; 1 male, CASENT 3010696; 1 male, 
CASENT 3010698 (MNRJ); 1 male, CASENT 3010703 (MNRJ): 1 male, CASENT 3010713; 1 male, 
CASENT 3010700; 1 male, CASENT 3010695; 1 male, CASENT 3010703; 5-12 October 2003, collection 
code: MA-25-16, | female, CASENT 3010319: 1 female, CASENT 30103335; 1 female, CASENT 3010334; 
| female, CASENT 3010331; 1 female, CASENT 3010349: 1 female, CASENT 3010346; 1 female, CASENT 
3010324; 1 female, CASENT 3010338: 9-20 November 2003, collection code: MA-25-23, 1 male, CASENT 
3010792: 1 male, CASENT 3010619: 1 male, CASENT 3010621: 1 female, CASENT 3010620; 7-14 
September 2003, collection code: MA-25-14, 1 female, CASENT 3010451; 1 female, CASENT 3010448; 1 
male, CASENT 3010452: 1 male, CASENT 3010450; 14-22 November 2003, collection code: MA-25-15, 1 
female, CASENT 3010733: 1 female, CASENT 3010734: 1 female, CASENT 3010739; 1 female, CASENT 
3010736; | male, CASENT 3010737: 1 male, CASENT 3010727; 1 male, CASENT 3010732; 1 male, 
CASENT 3010738; 28 September—5 October 2003, collection code: MA-25-17, 1 male, CASENT 3010472; 
1 female, CASENT 3010473: 1 male, CASENT 3010624; 1 male, CASENT 3010625; 1 male, CASENT 
3010656; 1 male, CASENT 3010627: 1 male, CASENT 3010648: 1 male, CASENT 3010642; 1 male, 
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CASENT 3010637; 1 male, CASENT 3010659; 1 male, CASENT 3010654; 1 male, CASENT 3010643; 1 
male, CASENT 3010651; 1 male, CASENT 3010638; 1 male, CASENT 3010645; 1 male, CASENT 3010667; 
1 male, CASENT 3010649; 1 male, CASENT 3010644; 1 male, CASENT 3010630; 1 male, CASENT 
3010634: 1 male, CASENT 3010641; 1 male, CASENT 3010660; 1 male, CASENT 3010663; 1 male, 
CASENT 3010665: 1 male, CASENT 3010666; 1 male, CASENT 3010632; 1 male, CASENT 3010639; 1 
male, CASENT 3010669; | male, CASENT 3010671; 1 male, CASENT 3010672; 1 male, CASENT 3010673; 
1 male, CASENT 3010674; 1 male, CASENT 3010676; 1 female, CASENT 3010626; 1 female, CASENT 
3010628; 1 female, CASENT 3010629; 1 female, CASENT 3010631; 1 female, CASENT 3010633; 1 female, 
CASENT 3010668; | female, CASENT 3010635; 1 female, CASENT 3010636; 1 female, CASENT 3010640: 
1 female, CASENT 3010646; 1 female, CASENT 3010647; 1 female, CASENT 3010650; 1 female, CASENT 
3010652: 1 female, CASENT 3010653; 1 female, CASENT 3010655; 1 female, CASENT 3010657; 1 female, 
CASENT 3010658; 1 female, CASENT 3010661; 1 female, CASENT 3010662; 1 female, CASENT 3010664; 
1 female, CASENT 3010675; 1 female, CASENT 3010471; 1 female, CASENT 3010470; 1 female, CASENT 
3010636; 1 female, CASENT 3010639; 1 female, CASENT 3010631; 1 male, CASENT 3010638. Toliara 
Province: Parc National d’ Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 24°56.21’S 46°37.60’E, Malaise 
trap in transitional forest, 29 June—10 July 2003, M. Irwin, F. Parker, R. Harin Hala, collection code: MA-02- 
20-31, 1 male, CASENT 2070583; 1 female, CASENT 2070613. Fiherenana, elev. 65 m, 23°13.351’S 
43°52.853’E, Malaise trap, in degraded riparian forest close to water, 5-10 August 2003, Frontier Wilderness 
Project, collection code: MGEFO76, | female, CASENT 3009189. 


DESCRIPTIONS OF NEW SPECIES OF HELINA 
Helina flavomaculata Couri, Pont, and Penny, sp. nov. 


TyPE.— Ho vorype: female, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Radio 
tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise trap, mixed tropical forest, 31 March—9 
April 2002, R. Harin’ Hala, collection code: MA-02-09B-23, CASENT 3010409. 

DiAGnNosis.— H. flavomaculata, sp. noy. can be distinguished from the other metallic 
Madagascan Muscidae by the yellow postpronotum, scutellum and apical half of tergite 5, which 
strongly contrast with other parts of the thorax and abdomen. 

GENERAL COLOR.— Ground-colour metallic blue, with postpronotum, scutellum and apical 
half of tergite 5 yellow. Head with frons dark brown; ocellar triangle grey pollinose; fronto-orbital 
plate dark brown, grey pollinose from certain angles, between third and fourth frontal pair of setae; 
and slightly shining around the insertions of the three first and the two last frontals; with a dark 
brown mark at level of apex of pedicel. Face yellowish, strongly yellow below. Gena brown, grey 
pollinose. Antenna with pedicel yellow and flagellomere and arista dark brown. Palpus dark brown. 
Anterior spiracle yellow and posterior one metallic blue. Calypters yellowish, hyaline. Haltere yel- 
low with whitish knob. Wing clear. Legs dark brown, apex of trochanter and extreme base of mid 
and hind femora yellow. Abdomen metallic green/blue; tergite 5 metallic blue, yellow on apical 
half. 

FEMALE.— Length. Body: 6.2 mm, wing: 6.0 mm. 

HEAD.— Interocular space about one-third of head-width at level of anterior ocellus. Vertical 
setae moderately developed; ocellar seta long. Frontal row with 5 pairs of setae, the longest one 
close to lunula. Antenna inserted at mid level of eye; flagellomere about 2.5 times as long as pedi- 
cel. Arista with long hairs. Gena about as wide as flagellomere. Palpus filiform. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+3; 2 postpronotals; 1 presutural; 2 intra-alars; | 
supra-alar; 2 postsupra-alars. Notopleuron with two setae. Postalar declivity and suprasquamal 
ridge bare. Scutellum with two pairs of long setae. Anepisternum with a series of 4 long and strong 
setae and a shorter one between third and fourth. Katepisternals 1+1. Anepimeron bare. Posterior 
spiracle with margins bare. Lower calypter about twice as long as upper one. Wing veins bare. Fore 


844 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Fourth Series, Volume 57, No. 29 


femur with complete and sparse rows of long posterodorsal and posteroventral setae; fore tibia with 
a short median anterodorsal seta; with preapical anterodorsal, posterodorsal and posteroventral 
setae; mid femur with a row of anterior setae on basal half; one anterodorsal seta on apical third; 
three posterior preapical setae; mid tibia with 2 posterior setae on middle third; one long and strong 
ventral, anteroventral and posteroventral apical setae; hind femur with a complete row of anterodor- 
sal setae; 4-5 well spaced anteroventral setae, the last two on apical third; hind tibia with 1 
anteroventral submedian seta and a very short one above this, and 2 anterodorsals on middle third; 
one dorsal and posterodorsal preapical and one long and strong ventral apical. 

ABDOMEN.— Tergites 4-5 with strong row of discal setae. 

OvipPosiTor.— Ovipositor and spermathecae as in Figs. 81 and 82. 

MALE.— Unknown. 

OTHER MATERIAL EXAMINED.— ParatyPes: MADAGASCAR: Fianarantsoa Province: Parc National 
Ranomafana, Vohiparara, at broken bridge, elev. 1100 m, 21°13.57’S 47°22.19’E, Malaise trap, in high altitude 
rainforest, 14-21 January 2002, R. Harin’ Hala, collection code: MA-02-09A-12, CASENT 3010615. 

ETYMOLOGY.— The name comes from the Latin words flavus, meaning yellow, and macula, 
meaning spot, and refers to the contrasting colouration of the postpronotum, scutellum, and apical 
half of tergite 5. 

DISCUSSION.— In Emden’s (1951) key, the new species runs to H. juxtamedialis Emden, as 
both species have 2 strong presutural dorsocentral setae, but that species is not metallic and the tho- 
rax is densely dusted with two pairs of vittae. 


Helina carpiae Couri, Pont, and Penny, sp. nov. 


TYPE.— Ho orype: male, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Parc 
National Ranomafana, Vohiparara, at broken bridge, elev. 1100 m, 21°13.57’S 47°22.19’E, Malaise trap, in 
high altitude rainforest, 12-19 March 2002, R. Harin’Hala, collection code: MA-02-09A-20, CASENT 
3010042. 

DIAGNOSIS.— H. carpiae, sp. noy. has a very peculiar colour pattern on the dorsum of the 
mesonotum: there is a strongly golden dusted median vitta beginning after suture and expanding 
towards scutellum (the extent of this area varies in the series before us). 

GENERAL COLOR.— Ground-colour dark brown. Head with frons, fronto-orbital plate, parafa- 
cial and gena dark brown, with some grey pollinosity, a little more intense on fronto-orbital plate 
near lunula from certain angles. Antenna and arista dark brown, apex of pedicel grey pollinose. 
Palpus dark brown. Anterior and posterior spiracles dark brown. Mesonotum dark brown with three 
grey pollinose vittae, one median and two along dorsocentral rows of setae, more visible presutu- 
rally, but extending as far as second pair of postsutural dorsocentral setae; postsuturally with an 
intense golden pollinose area beginning as a very thin vitta medially just after suture and expand- 
ing towards scutellum (the extent of this area varies within the series); scutellum with the same 
golden pollinosity. Calypters yellowish, with yellow margins. Haltere dark brown. Wing clear. Legs 
uniformly brown, pulvilli light brown. Abdomen dark brown, with no differentiated markings. 

MALE.— Length. Body: 5.0 mm, wing: 4.8 mm. 

HEAD.— Holoptic, distance between eyes about 0.16 of head-width at level of anterior ocellus. 
Vertical setae very short; ocellar setae long. Frontal row with 5 pairs of setae, the longest pair close 
to lunula. Antenna inserted below mid level of eye; flagellomere about twice as long as pedicel. 
Arista with long hairs. Gena about twice as wide as flagellomere. Palpus filiform. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+3, all long, only the first presutural pair short- 
er; 2 postpronotals; | presutural; 2 intra-alars; 2 supra-alar; 2 postsupra-alars. Notopleuron with two 
setae, similar in size. Postalar declivity and suprasquamal ridge bare. Scutellum with two pairs of 
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long setae. Anepisternum with a series of 4—5 long and strong setae and with some fine setae among 
them. Katepisternals 1+2. Anepimeron bare. Posterior spiracle with margins bare. Lower calypter 
about twice as long as upper one. Wing veins bare. Fore femur with complete rows of spaced pos- 
terodorsal and posteroventral setae, the last ones longer; fore tibia without median or submedian 
setae; one dorsal preapical; mid femur with a row of spaced anteroventral and anterodorsal setae on 
basal half; 2 preapical dorsal setae; mid tibia with 2 posterior setae on middle third; one long and 
strong ventral apical; hind femur with a complete anterodorsal row of spaced setae; 2—3 anteroven- 
trals on apical half; hind tibia with 1 anteroventral submedian seta; 2 anterodorsals on middle third; 
one dorsal preapical and one ventral apical long and strong. 

ABDOMEN.— Tergites 2—5 each with a marginal row of setae; tergites 4 and 5 with a discal row 
of setae. Sternite 5 as in Fig. 83. 

TERMINALIA.— Cercal plate, surstyli and aedeagus as in Figs. 84-86. 

FEMALE.— Length. Body: 5.5—6.0 mm, wing: 5.8—6.2 mm. 

Differs from male as follows.— Interocular space about one-third of head-width at level of 
anterior ocellus. 

OviPosiToR.— Ovipositor and spermatheca as in Figs. 87 and 88. 

OTHER MATERIAL EXAMINED.— ParatyPEs: Same data as holotype: 15—22 November 2001, collec- 
tion code: MA-02-09A-03, | female, CASENT 3010048; 6—15 December 2001, collection code: MA-02-09A- 
06, 1 female, CASENT 3010012. Radio tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise 
trap, mixed tropical forest, 15-21 December 2001, R. Harin’ Hala, collection code: MA-02-09B-07, 1 female, 
CASENT 3010852; 31 March—9 April 2002, collection code: MA-02-09B-23, 1 female, CASENT 3010411; 
14-21 January 2002, collection code: MA-02-09B-12, 1 female, CASENT 3009784. Belle Vue Trail, elev. 
1000 m, 21°15.6’S 47°25.6’E, tropical forest, 21 December 1999, M.E. Irwin and E.I. Schlinger, collection 
code: MEI.99-MA-7, 1 female, CASENT 8018255; 1 female, CASENT 8018257 (BMNH); 1 female, 
CASENT 8018258 (MNRJ). 

ETYMOLOGY.— The name refers to Celina Carpi, a friend and supporter of the senior author. 

Discussion.— In Emden’s (1951) key, H. carpiae, sp. nov. runs to couplet 7, but the colour 
pattern of the mesonotum, with its dense golden pollinosity does not fit the species in that couplet 
which, in any case, has subsequently been transferred to the genus Hebecnema. 


Helina grisella Couri, Pont, and Penny, sp. nov. 


TyYPE.— Ho toryre: female, deposited in CAS, labelled: MADAGASCAR: Toliara Province: Manderano, 
elev. 70 m, 23°31’38”S 44°5’15”E, Malaise trap, gallery forest at edge of marsh near road, 22-29 May 2002, 
Frontier Wilderness Project, collection code: MGF031, CASENT 3009025. 

DIAGNOsIS.— Mesonotum brown, grey pollinose, with two faint and less pollinose vittae that 
are better seen presuturally; presutural acrostichal setulae in 3-4 rows. Abdomen brownish-grey 
pollinose; tergite 3 with two round brown spots; tergites 4 and 5 with small brown bristle-dots at 
the bases of the discal and marginal setae. 

GENERAL COLOR.— Ground-colour dark brown with grey pollinosity. Head with frons brown; 
ocellar triangle grey pollinose; fronto-orbital plate dull grey, parafacial and gena more silvery, 
parafacial with a large matt spot opposite antennal insertion. Antenna and arista dark brown, pedi- 
cel somewhat reddish in some specimens. Palpus dark brown, reddish at base. Anterior and poste- 
rior spiracles grey pollinose. Mesonotum dark, yellowish-grey pollinose, with two less pollinose 
and faint vittae that are better seen presuturally. Scutellum, postpronotum and pleura concolorous 
with dorsum of mesonotum. Calypters whitish. Haltere yellowish-white. Wing clear. Femora and 
tibiae yellow, all tarsi brown. Abdomen yellowish-grey pollinose; tergite 3 with two round brown 
spots; tergites 4 and 5 with small brown bristle-dots at the bases of the discal and marginal setae. 
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FEMALE.— Length. Body: 4.5—5.3 mm, wing: 4.0-4.8 mm. 

HeEAD.— Interocular space about one-third of head-width at level of anterior ocellus. Inner and 
outer vertical setae long; ocellar seta long. Frontal row with 4—5 pairs of setae, the longest one close 
to lunula. Antenna inserted below mid level of eye; flagellomere about twice as long as pedicel. 
Arista with very long hairs. Gena almost twice as wide as width of flagellomere. Palpus a little com- 
pressed. 

THORAX.— Acrostichals 0+1; presutural acrostichal setulae in 3-4 rows; dorsocentrals 2+3; 2 
postpronotals; 1 presutural; prealar short or even absent; 2 intra-alars, anterior one sometimes 
absent; 2 supra-alars; 2 postsupra-alars. Notopleuron with two setae, similar in size. Postalar decliv- 
ity and suprasquamal ridge bare. Scutellum with two pairs of long setae. Anepisternum with a series 
of 5—6 long setae, and a strong setula in upper anterior corner. Katepisternals 1+2. Anepimeron 
bare. Meron with | or a few short setulae below spiracle. Posterior spiracle with margins bare. 
Lower calypter about twice as long as upper one. Wings clear, veins bare. Costal spine as long as 
cross-vein r-m. Fore femur with complete posterodorsal and posteroventral rows of setae; fore tibia 
with two short anterodorsal setae on middle third; one posterodorsal and one posteroventral preapi- 
cal setae; mid femur with a row of anterior setae on basal two-thirds; 1—2 posteroventral setae on 
basal fourth; 1 anterior and 2—3 posterodorsal preapical setae; mid tibia with 2 posterior setae on 
middle third; long and strong apical setae on anterior, ventral and posteroventral surfaces; hind 
femur with complete spaced anterodorsal and anteroventral rows of setae, without posteroventrals; 
1 dorsal and | posterodorsal preapicals; hind tibia with | anteroventral submedian seta; 2 anterodor- 
sals on middle third; one dorsal preapical and one ventral apical. 

ABDOMEN.— Tergites 4 and 5 with a subbasal and an apical row of setae. 

OviPosiIToR.— Ovipositor and spermathecae as in Figs. 89 and 90. 

OTHER MATERIAL EXAMINED.— PARATYPES: MADAGASCAR: Toliara Province: Manderano, eley. 70 
m, 23°31’38”S 44°5’15”E, Malaise trap, gallery forest at edge of marsh near road, 22-29 May 2002, Frontier 
Wilderness Project, collection code: MGFO31, 1 female, CASENT 3008982; 1 female, CASENT 3009028; 1 
female, CASENT 3008986 (BMNH):; | female, CASENT 3008984 (MNRJ); 1 female, CASENT 3008996 
(BMNH); | female, CASENT 3009032; 1 female, CASENT 3009009; | female, CASENT 3009008; 1 female, 
CASENT 3009023 (BMNH): | female, CASENT 3009030; | female, CASENT 3009010; 1 female, CASENT 
3009019; 1 female, CASENT 3008998; | female, CASENT 3009014; 1 female, CASENT 3009029; 1 female, 
CASENT 3008983 (MNRJ); 1 female, CASENT 3009012; 1 female, CASENT 3009000; 1 female, CASENT 
3009005; 1 female, CASENT 3009011; 1 female, CASENT 3009027; 1 female, CASENT 3009227; 1 female, 
CASENT 3009026; 23°31'39”S 44°5’18”E, Malaise trap, edge of marsh, 5 m from road, gallery forest, 23 
June—28 July 2002, Frontier Wilderness Project, collection code: MGFO035, | female, CASENT 3009331; 1 
female, CASENT 3009325. Sept Lacs, elev. 70 m, 23°31’39”S 44°9’16”E, Malaise trap, gallery forest, 21-26 
August 2002, Frontier Wilderness Project, collection code: MGF038, | male, CASENT 3009232; | female, 
CASENT 3009238; 1 female, CASENT 30092391; 1 female, CASENT 3009021; 1 female, CASENT 
3009231; 1 female, CASENT 3009228. Antafoky, elev. 60 m, 23°28’44”S 44°3’56”E, Malaise trap, gallery for- 
est, 25—28 January 2002, Frontier Wilderness Project, collection code: MGFOO2, | female, CASENT 3009410. 
Aldabra Atoll, South Island: Cing Cases, 23—29 January 1968, B.H.Cogan & A.M.Hutson, 2 females (one at 
light), BMNH; Point Hadoul, tidal saline pool, 27 January 1968, B.H.Cogan & A.M.Hutson, 1 female, BMNH; 
Anse Cédre, 17-19 January 1968, B.H.Cogan & A.M.Hutson, 1 female, BMNH:; Frigate Pool, 20 January 
1968, B.H.Cogan & A.M.Hutson, 2 females, BMNH; Takamaka, 23-27 February 1968, B.H.Cogan & 
A.M.Hutson, 4 females, BMNH; Takamaka Pool, some at light, 1-17 February 1968, B.H.Cogan & 
A.M.Hutson, 11 females, BMNH (8), NMSA (2), CAS (1). Astove Atoll: around coconut plantation, 5 March 
1968, B.H.Cogan & A.M.Hutson, | female, BMNH. 

ETYMOLOGyY.— The name comes from the diminutive form of the modern Latin word griseus, 
meaning grey, and refers to the grey pollinosity on the dorsum of the mesonotum that distinguish- 
es this species from H. corpiae. 
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Discusston.— In Emden’s (1951) key H. grisella runs to H. juxtamedialis Emden, known to 
occur in South Africa, Mozambique and doubtfully in Malawi; but H. juxtamedialis has black femo- 
ra and tibiae, presutural acrostichal setulae arranged in two rows, and abdominal tergite 4 with a 
pair of black spots. 


Hydrotaea Robineau-Desvoidy, 1830 


DrIAGNosis.— Male holoptic; eyes bare; general colour usually black or bluish-black, rarely 
metallic; arista very short pubescent; gena, in some species, with a strong upcurved seta; female 
with cruciate interfrontal seta; dorsocentrals 2+4; notopleuron covered with setulae, the two setae 
similar in size; anepimeron bare; katepisternals 1+1; some males with fore femur on ventral surface 
with a preapical excavation with 2 toothed processes and fore tibia flattened along basal half or two 
thirds of ventral surface; M straight; distiphallus with apical part of juxta spinulose; ovipositor long, 
with narrow tergites. 

The larvae are facultative to obligate carnivores, and live in a wide range of decaying organic 
substances where there is a high rate of bacterial fermentation. They prey on other insect larvae in 
the substrate, mainly Diptera larvae. Adult females are commonly sweat-flies. 

AFROTROPICAL FAUNA.— 21 species are known from the Afrotropical region, but only H. 
chalcogaster (Wiedemann, 1824) has been recorded from Madagascar. 

MADAGASCAN FAUNA.— H. chalcogaster has not been recognised among the CAS material, 
but is represented among the NMSA and BMNH material. H. bella, sp. nov., a metallic green 
Hydrotaea, is here described. 


Key to the Madagascar Species of Hydrotaea 


1. Ground-colour black; palpus dark brown or black; male with fore tarsomeres yellow on ventral 
surface; male mid femur on basal half of ventral surface with 2—6 stout setae (sparsely through- 
out Africa, Madagascar, Mauritius, Réunion, Rodriguez, Seychelles, Oriental Region to 
PauSthaiaeBermuda. peraaps. Chile) x 0.5.2 slot 3) eres «Nels ye H. chalcogaster (Wiedemann) 
Ground-colour metallic green/blue; palpus yellow; legs uniformly brown; mid femur on ventral 
surface with a row of short and strong setae on basal third (Madagascar) ....H. bella, sp. nov. 


MATERIAL EXAMINED: KNOWN SPECIES 


H. chalcogaster. MADAGASCAR: Toamasina Province: dct [District of] Ambatondrazaka, Station Agric. 
Alaotra, 24 December 1957, 1 male, B.R. Stuckenberg (NMSA). Antsiranana Province: Nossi-Bé, 
Sambirano, Lokobe, 6 m, 9-23 November 1957, 2 males, B.R. Stuckenberg (NMSA, BMNH). 


DESCRIPTIONS OF NEW SPECIES OF HYDROTAEA 
Hydrotaea bella, Couri, Pont, and Penny, sp. nov. 


TyPE.— Ho .otyre: male, deposited in CAS, labelled: MADAGASCAR: Toamasina Province: Parc 
Nacional Andasibe (Périnet), 19 km E Moramanga, 1000 m, in forest, E.I. Schlinger, M.E. Irwin and H.H. 
Rasolondalao, 24 December 1999, collection code: MEI.99-MA-3, CASENT 8018323. 

DrIAGNosiIs.— General body colour green/blue metallic; fronto-orbital plate and parafacial 
shining reddish; ocellar triangle in female long and dark metallic; fore femur of male on pos- 
teroventral surface with 5 setae on basal fourth, and anteroventral surface with a series of short and 
strong setae on basal third and another just before the two spined ventral preapical processes; hind 
tibia in both sexes with 3-4 anteroventral setae on basal half, one short median anterodorsal, and 
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one inconspicuous posterodorsal, much shorter than the diameter of the tibia. 

GENERAL COLOR.— Ground-colour green/blue metallic. Head with frons reddish-brown; ocel- 
lar triangle shining black; fronto-orbital plate and parafacial shining reddish; gena reddish-brown. 
Antenna with pedicel yellowish-brown and flagellomere reddish-brown from certain angles, with 
intense grey pollinosity; arista dark brown, yellow at base. Palpus yellow. Anterior spiracle dark 
brown and posterior spiracle brown. Mesonotum metallic green/blue with no trace of vittae. 
Calypters yellowish, with brown margins in male. Haltere yellow with dark brown knob. Wing 
clear. Legs uniformly brown, pulvilli white. Abdomen metallic green/blue, concolorous with tho- 
rax, with no trace of vittae or spots. 

MALE.— Length. Body: 6.5—8.2 mm, wing: 6.5—8.0 mm. 

HEAD.— Eyes very well developed and very close together, separated at vertex only by the 
diameter of the slender ocellar triangle, inner margins touching almost to lunula. Fronto-orbital 
plate slender. Vertical setae very short. Ocellar triangle short, with a pair of long ocellar seta. Frontal 
row with 4—5 fine pairs of setae close to lunula. Antenna inserted below mid level of eye; flagel- 
lomere about twice as long as pedicel. Arista very short pubescent. Gena slender, similar to width 
of flagellomere. Palpus slightly flattened. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+4, the first two postsutural setae short and the 
last two long; 2—3 postpronotals; | presutural; 2 intra-alars; | supra-alar; pre-alar absent; 2 post- 
supra-alars. Notopleuron with two setae, similar in size, the disc without setulae. Postalar declivity 
and suprasquamal ridge bare. Scutellum with two pairs of setae, the basal pair a little longer and 
stronger than the apical pair. Anepisternum with a series of 4-5 long and strong setae and with some 
fine setae among them. Katepisternals 1+1, the posterior one longer; disc of katepisternum with 
some setulae, those close to posterior seta longer. Anepimeron and meron bare. Posterior spiracle 
with margins bare. Lower calypter about twice as long as upper one. Wing veins bare. Fore femur 
with a complete row of posterodorsal and dorsal setae; posteroventral surface with 5 setae on basal 
fourth; anteroventral surface with a series of short and strong setae on basal third and another series 
just before the two spined ventral preapical processes; fore tibia with several series of short pos- 
teroventral setae in apical half; one dorsal preapical; mid femur with about 4 long anterior to 
anterodorsal setae on basal fourth; posteroventral surface with a row of short and strong setae on 
basal third; anteroventral surface with a row of fine and short setae, more visible on basal third; 2 
preapical dorsal setae; mid tibia with 2 posterior setae on middle third; anterior to anterodorsal sur- 
faces with rows of fine erect ground-setulae; apical setae on anterodorsal, posteroventral and dor- 
sal surfaces; hind femur with a complete anterodorsal row of setae, longer on basal third; about 6 
anteroventrals on apical half, and a row of short fine posteroventrals in basal two-thirds, culminat- 
ing in a longer seta one-third from apex of femur; hind tibia with 3-4 anteroventral setae on basal 
half; one short median anterodorsal and one inconspicuous posterodorsal, much shorter than the 
diameter of the tibia; one dorsal and one anterodorsal preapical and one ventral apical. 

ABDOMEN.— Covering setae moderately long and dense. especially at sides, with some longer 
ones on margin of tergites 4 and 5 and on disc of tergite 5. 

TERMINALIA.— Sternite 5 longer than wide (Fig. 91 ); cercal plate and long surstyli as in Figs. 
92 and 93. Aedeagus as in Fig. 94. 

FEMALE.— Length. Body: 5.5—6.0 mm, wing: 5.8-6.2 mm. 

Differs from male as follows: Interocular space about 0.4 of head-width of anterior ocellus. 
Ocellar triangle long, extending beyond middle of frons; cruciate interfrontal setae present and 
inserted closer to the distal end of the ocellar triangle. Frontal row with seven long setae; vertical 
setae developed; fore femur with no preapical ventral process and only with posteroventral, dorsal 
and posterodorsal rows of fine setae. 
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OviposiITOR.— Ovipositor long, tergites long and thin, apical part of tergite 8 with 3 strong 
setae (Figs. 95-97). Spermathecae as in Fig. 97. 

OTHER MATERIAL EXAMINED.— ParaTyPes: MADAGASCAR: Fianarantsoa Province: Parc National 
Ranomafana, Vohiparara, at broken bridge, elev. 1110 m, 21°13’57”S 47°22’19”E, Malaise trap, in high alti- 
tude rainforest, 26-31 March 2002, R. Harin’Hala, collection code: MA-02-09A-22, 1 male, CASENT 
3009406 (MNRJ); 1 female, CASENT 3009390; 6-15 December 2001, 1 female, CASENT 3010014 
(BMNH). Toamasina Province: Monamizana, 150 km E of Antananarivo, 26-31 December 1993, S. 
Shinonaga, 1 male (BMNH). 

ETYMOLOGyY.— The name comes from the Latin word bellus, meaning beautiful, and refers to 
the metallic green/blue colour of this species. 

Discusston.— H. bella differs from all the known species of Hydrotaea by its metallic 
green/blue colour. From other Afrotropical species it differs by the long and metallic ocellar trian- 
gle and by the chaetotaxy of the hind tibia; males can also be distinguished by the chaetotaxy of the 
fore femur. 


Limnophora Robineau-Desvoidy, 1830 


DIAGNOsIS.— Eyes usually bare; prestomal teeth developed; prealar seta absent; lower 
proepimeral seta upcurved; prosternum with lateral setulae; postsutural dorsocentral setae 3 or 4; 
vein M slightly curved forwards just before apex; wing with setulae at the base of vein Ry,5 on dor- 
sal and ventral surfaces; sternite 1 bare; female ovipositor with segment 8 directed upwards and 
with small spicules; hypoproct elongated and with spinules. (Couri and Carvalho 2002). [REF. 
Emden 1951]. 

The larvae are obligate carnivores. Many are aquatic and live in running water where they prey 
on oligochaetes and small insect larvae. Others are terrestrial and breed in dung or decaying organ- 
ic matter. Adults are also carnivorous, taking other small soft-bodied insects as prey. 

AFROTROPICAL FAUNA.— There are 74 species of Limnophora, known from all parts of the 
Afrotropical Region, including the Cape Verde Is., Madagascar, Mauritius, Réunion, Socotra and 
South Yemen. 

MADAGASCAN FAUNA.— The following species have been recorded from Madagascar: L. con- 
versa Stein, 1918; L. exigua (Wiedemann, 1830); L. obsignata Rondani, 1866; L. quaterna (Loew, 
1852); L. rossi Zielke, 1974; L. setalis Emden, 1951; L. stragula (Séguy, 1950). All but the first one 
have been recognised in our material. Two new species are described: L.triangularis, sp. nov. and 
L. mesovittata, sp. nov. 


Key to the Madagascar Species of Limnophora 


PaLosisuiuralidorsocenttals:32. a4 Sats- tan ishsla B =CE ae Siar eh eke einen cig ad Ge Z 
Eastsnincalgdorsocentrals!Aney ae Steer RM RUN Reni RNS, Bul. oie. Game 6 
2. Postsutural transverse brown band extending medially as a brown vitta that reaches scutellum, 
the width of this vitta slightly wider than the pale spot around the posterior dorsocentral seta 


CREA AS ASC Als) ere ee ee tee UN NEO NS eee ake eee L. mesovittata, sp. nov. 
Postsutural transverse brown band, when present, not extending medially as a brown vitta that 
Ric AC ME SESE Ue UE gg rig scar ge pelt eg gee cn re Pg ee ace son Ceca aay Ret pee RE IO 3) 
3. Mesonotum black, silver only on notopleural and postpronotal areas ..................-. 4 
Mesonotum not entirely black, usually with grey pollinosity and with or without a transverse 
DOW sl DANG DEMING thes UtUte res ee leaden blots chatheaesth- otic b ay aah fal eeaiesboe ot lcactiasbeyatoasy ce james 5 


4. Fore tibia without a posterior seta; katepisternal seta 1+1; male hind femur without posteroven- 
tral setae (Cameroon, Niger, Tanzania, Uganda, Madagascar)............ L. stragula (Séguy) 
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Fore tibia with a median posterior seta; katepisternal seta 1+2; male hind femur before apex with 
4-5 posteroventral setae in a close set group and perpendicular to the femoral shaft, preceeded 
(as far as middle of femur) by rather dense fine posteroventral hairs (Madagascar) 

5 dc phe 1 Gea Ale eli ee ee) ee AR SA ERC te AN a AA SiR soc L.conversa Stein 

5. Mesonotal pattern in female: a pair of presutural spots running along the dorsocentral row of 
setae and reaching the second pair of presutural dorsocentrals; postsutural transverse band from 
suture to approximately the level of the second pair of dorsocentrals; scutellum with a dark band 
on basal two-fifths; abdomen with one pair of more or less round dark lateral spots on tergites 3 
and 4, and a median vitta on tergite 4; male unknown (Madagascar) 

PMR e Prepay PEPYS cSt ctCIS gy ANN, OS es ORR eas al caine ae eee L. triangularis, sp. nov. 
Mesonotal pattern different in male and female. Male: a pair of presutural spots running along 
the dorsocentral row of setae and reaching suture; postsutural transverse band reaching beyond 
the level of the second pair of dorsocentrals; scutellum with a large dark band, only apex with 
grey pollinosity; Female: mesonotum with grey pollinosity and with 2 brown postsutural vittae 
reaching the level of the second dorsocentrals; abdomen with a pair of more or less round dark 
lateral spots on tergites 1+2—3 and no median vitta on tergite 4 (widespread in the Afrotropical 
Region, including Cape Verde Is.., Madagascar, Réunion, Socotra, South Yemen; Canary Is., 
EE Sypte lsc): ee a ANA ERE aE a TNA ce Hg Re RE ed De L. quaterna (Loew) 

6. Mid tibia with only one posterior seta (Madagascar, Tanzania, Uganda), arista almost bare 
ip bien td SU eas eA aE, Le Ges Peete ak ete eee gras AML Es ik Us 6 L. setalis Emden 
Mid! tibia with 2=3 posterior setae; arista plumose ©. 2.22/62. 2h See Z 

7. Postsutural transverse brown band extending medially as a thin brown vitta and reaching scutel- 
lime (Madar ascan)¥ Sar Oe er SRte Se, PA SS Re len te ee er L. rossi Zielke 
Postsutural transverse brown band not extending medially as a brown vitta that reaches scutel- 
Hvar. aNe SR S AA OAS AE S R ERE 8 

8. Arista with hairs longer than width of flagellomere; scutellum pale dusted at apex; male holop- 
tic (Afrotropical region including Madagascar, Socotra; Mediterranean, from Canary Is. and 
Maltaitoplram) 25 riage: Hath ease eee A gene ede ert ei L. obsignata Rondani 
Arista with hairs shorter than described above; scutellum entirely black with brown dust; male 
dichoptic (Ghana, Liberia, Tanzania, Uganda, D.R. Congo, Cape Verde Is.., Aldabra, Astove, 
Mauritius, Madagascar; Egypt, Oriental Region, New Guinea) . . L. exigua (Wiedemann, 1830) 


MATERIAL EXAMINED: KNOWN SPECIES 


L. exigua: MADAGASCAR: Antsiranana Province: Sambirano, Lokobe, Nossi-Bé, 6 m, 9-23 November 
1957, 1 female, B.R. Stuckenberg (NMSA). Fianarantsoa Province: Ranohira, 860 m, 26 January—4 
February 1958, 1 female, B.R. Stuckenberg (BMNH). Toamasina Province: dct [District of] Maroantsetra, 
Sahasoa Fampanambo, 8 m, 26-29 March 1958, 1 male, B.R. Stuckenberg (NMSA). dct [District of] 
Maroantsetra, Navana-Antongil, 6 m, 20—25 March 1958, | female, B.R. Stuckenberg (NMSA). 

L. obsignata: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, radio tower at forest 
edge, elev. 1130 m, 21°15’05”S 47°24’43’E, Malaise trap, mixed tropical forest, 15-21 December 2001, R. 
Harin’ Hala, collection code: MA-02-09B-07, 1 female, CASENT 3009931 (MNRJ); | female, CASENT 
3009929; 1 female, CASENT 3009927; 1 female, CASENT 3010054. Belle Vue at Talatakely, elev. 1020 m, 
21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 14-21 January 2002, R. Harin’ Hala, collection 
code: MA-02-09C-12, 1 female, CASENT 3009819; 1 male, CASENT 3009831; 1 female, CASENT 
3009847. JIRAMA, water works, 21°14.91’S 47°27.13’E, Malaise trap near river, elev. 690 m, 10—14 January 
2002, R. Harin’Hala, collection code: MA-02-09D-11, 1 male, CASENT 3009935; 1 female, CASENT 
3009973; 1 female, CASENT 3009936; | female, CASENT 3009979; 1 female, CASENT 3009949; 1 female, 
CASENT 3009951; 1 female, CASENT 3009961; 1 male, CASENT 3009964; 1 female, CASENT 3009980; 


COURI ET AL.: MUSCIDAE (DIPTERA) FROM MADAGASCAR 851 


1 female, CASENT 3009971; 1 female, CASENT 3009970; 1 female, CASENT 3009976: 1 female, CASENT 
3009716; 15-21 December 2001, 1 female, CASENT 3010500. Vohiparara, at broken bridge, elev. 1100 m, 
21°1357”S 47°22'19’E, Malaise trap, in high altitude rainforest, 6-15 December 2001, R. Harin’ Hala, collec- 
tion code: MA-02-09A-06, 1 female, CASENT 3010007; 19-26 February 2002, 1 female, CASENT 3010457 
(MNRJ). Riviere Zomandoa, Andringitra Ambalavao, Antanifotsy village, 1650 m, 10 January 1958, 1 male 5 
females, B.R. Stuckenberg (NMSA, BMNH). Vakoana, Andringitra Ambalavao, 1520 m, 21—24 January 1958, 
2 females, B.R. Stuckenberg (NMSA). Ranohira, 860 m, 26 January—4 February 1958, 1 female, B.R. 
Stuckenberg (NMSA). Toamasina Province: dct [District of] Moramanga, Route d’Anosibe, 840 m, 18-24 
December 1957, 2 females, B.R. Stuckenberg (NMSA, BMNH). Sandrangato, 2 males (NMSA). Ranomafana, 
Ifanadiana, | male 1 female (NMSA). Antananarivo Province: Tsimbazaza, lake shore, 28 October 1948, 1 
female J.R. (NMSA). Antsiranana Province: dct [District of] Diégo Suarez, Montagne d’ Ambre, 1000 m, 23 
November+4 December 1957, | male, B.R. Stuckenberg (NMSA). 

L. quaterna: MADAGASCAR: Toliara Province: Manderano, elev. 70 m, 23°31’38”S 44°5’15”E, Malaise 
trap, gallery forest at edge of marsh near road, 22—29 May 2002, Frontier Wilderness Project, collection code: 
MGF031, 1 female, CASENT 3009031; 1 female, CASENT 3009020; 1 male, CASENT 3008985; 23°31’39”S 
44°5’18”E, Malaise trap, edge of marsh, 5 m from road, gallery forest, 23 June—28 July 2002, Frontier 
Wilderness Project, collection code: MGFO35, | male, CASENT 3009329. Antafoky, elev. 60 m, 23°28’44”S 
44°3’56”E, Malaise trap, gallery forest, 25-28 January 2002, Frontier Wilderness Project, collection code: 
MGFO002, 1 male, CASENT 3009671; 1 male, CASENT 3009428; 1 male, CASENT 3009579; 1 male, 
CASENT 3009423; 1 male, CASENT 3009414; 1 male, CASENT 3009440; 1 male, CASENT 3009471; 1 
male, CASENT 3009643; | male, CASENT 3009680; I male, CASENT 3009455; 1 male, CASENT 3009494; 
1 male, CASENT 3009457; 1 male, CASENT 3009676; 1 male, CASENT 3009646; 1 male, CASENT 
3009608; 1 male, CASENT 3009654. Sept Lacs, elev. 70 m, 23°31’39”S 44°9’16”E, Malaise trap, gallery for- 
est, 9-12 March 2002, collection code: MGFO025, | male, CASENT 3008896; | male, CASENT 3008895; elev. 
120 m, 23°31'65”S 44°9’35”E, Malaise trap, gallery forest, 21-26 August 2002, Frontier Wilderness Project, 
collection code: MGF038, 1 male, CASENT 3009234. Fiherenana, elev. 100 m, 23°10'37”S 43°57’39’E, 
Malaise trap, in gallery forest, 22-28 October 2002, Frontier Wilderness Project, collection code: MGEF041, 1 
male, CASENT 3009214; 1 male, CASENT 3009224. Mikea Forest, NW of Manombo, elev. 30 m; 22°54.22’S 
43°28.53’E, Malaise trap—in deciduous forest, 21-31 August 2003, R. Harin’ Hala, collection code: MA-02- 
18A-66, 1 female, CASENT 3010295. Parc National d’Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 
24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 10-21 September 2003, M. Irwin, F. Parker, R. 
Harin Hala, collection code: MA-02-20-39, 1 female, CASENT 3010863; 1 female, CASENT 3010884; 1 
female, CASENT 3010867; 1 female, CASENT 3010874; 1 female, CASENT 3010881; 1 female, CASENT 
3010871; June—10 July 2003, collection code: MA-02-20-31, 1 female, CASENT 2070608; 1 female, 
CASENT 2070609; 1 female, CASENT 2070605; 1 female, CASENT 2070604; 28 January—28 February 
2204, collection code: MA-02-20-53, 1 female, CASENT 8078185; 1 female, CASENT 8078183 (MNRJ); 1 
female, CASENT 8078184: 1 male, CASENT 8078043; 1 male, CASENT 8078047; 1 male, CASENT 
8078049 (MNRJ); 1 male, CASENT 8078052; | female, CASENT 8078051;1 female, CASENT 8078055; 1 
female, CASENT 8078054; 6-18 March 2004, collection code: MA-02-20-56, | female, CASENT 8078010; 
15-28 January 2004, collection code: MA-02-20-52, 1 male, CASENT 8078031 (MNRJ); 1 female, CASENT 
8078033: 1 female, CASENT 8078032: 9-16 December 2002, collection code: MA-02-20-08, 1 male, 
CASENT 3010430; 30 October-9 November 2003, collection code: MA-02-20-44, 1 male, CASENT 
3010975: 1 male, CASENT 3010960; 1 male, CASENT 3010965; 1 male, CASENT 3010972; 1 male, 
CASENT 3010952; 1 female, CASENT 3010958; 1 female, CASENT 3010979; 1 female, CASENT 3010988 
(MNRJ); 1 female, CASENT 3010990; 1 female, CASENT 3010954; 28 March-—8 April 2003, collection code: 
MA-02-20-20, 1 male, CASENT 2070535; 1 male CASENT 2070571; 17-24 August 2003, collection code: 
MA-02-20-36, 1 male, CASENT 3010565; 11-19 October 2003, collection code: MA-02-20-42, 1 male, 
CASENT 3010833. Fort Dauphin, 1 female, R. Paulian (NMSA). Fianarantsoa Province: Parc National 
Ranomafana, Vohiparara, at broken bridge, elev. 1100 m, 21°13’57”S 47°22’19’E, Malaise trap, in high alti- 
tude rainforest, 6-15 December 2001, R. Harin’Hala, collection code: MA-02-09A-06, 1 female, CASENT 
3010053. Radio tower, elev. 1130 m; 21°15’05”S 47°24’43”E, Malaise trap, mixed tropical forest, 26-31 
March 2002, collection code: MA-02-09B-22, 1 male, CASENT 3010677. 
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L. rossi: MADAGASCAR: Ankasoka (Périnet to Lakato), 1300 m, 8 November 1959, E.S. Ross, Holotypus 
Limnophora rossi, E. Zielke det 1972, Limnophora sp. female, AC Pont det 1976. Type no. CAS 11883. 

L. setalis: Fianarantsoa Province: JIRAMA, water works, 21°14.91’S 47°27.13’E, Malaise trap near 
river, elev 690 m, 10—14 January 2002, R. Harin’Hala, collection code: MA-02-09D-11, 1 female, CASENT 
3009943 (MNRJ); 1 female, CASENT 3009943. Parc National Ranomafana, Belle Vue at Talatakely, elev. 
1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 14-21 January 2002, R. Harin’Hala, 
collection code: MA-02-09C-12, 1 female, CASENT 3009850; MA-02-09C-04, 1 female, CASENT 3009752; 
1 male, CASENT 3009824. Vohiparara, at broken bridge, elev. 1110 m, 21°13’57”S 47°22’19”E, Malaise trap, 
in high altitude rainforest, 26-31 March 2002, R. Harin’Hala, collection code: MA-02-09A-22, 1 female, 
CASENT 3009397. Talatakely, trail P-350, elev. 990 m, 11 November 1998, V.F. Lee, K.J. Ribardo, 1 female, 
CASENT 8019837; 1 female, CASENT 8019838. Trail FF, elev. 915-1000 m; 4-20 November 1998, V.F. Lee, 
K.J. Ribardo, 1 female, CASENT 8019615. Namorona River foot bridge, 850 m, Malaise, 11 April 1998, M.E. 
Irwin and EI. Schlinger, Schlinger Foundation Madagascar Expedition, collection code: 98-MAD-2, | female, 
CASENT 8021138. Toliara Province: Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, 
Malaise trap, deciduous dry forest, 17-28 January 2002, R. Harin’ Hala, collection code: MA-02-18A-11, 1 
female, CASENT 3010116; 1 female, CASENT 3010111; 1 female, CASENT 3010102; 1 female, CASENT 
3010096 (MNR3J). 

L. stragula: MADAGASCAR: Fianarantsoa Province: Talatakely, trail P-350, elev. 990 m, 11 November 
1998, V.F. Lee, K.J. Ribardo, 1 female, CASENT 8019836. Parc National Ranomafana, Belle Vue Trail, elev. 
1000 m; 21°15.6’S 47°25.6’E, tropical forest, 21 December 1999, M.E. Irwin and E.I. Schlinger, collection 
code: MEI.99-MA-7, | female, CASENT 8018265. Riviere Zomandoa, Andringitra Ambalavao, 1650 m, 10 
January 1956, 1 male, B.R. Stuckenberg (NMSA). Vakoana, Andringitra Ambalavao, 21—24 January 1958, 2 
females, B.R. Stuckenberg (NMSA, BMNH). Ranohira, 860 m, 26 January—4 February 1958, | female, B.R. 
Stuckenberg (BMNH). Toamasina Province: Moramanga, Route d’ Anosibe, 840 m, 18—24 December 1957, 
2 females, B.R. Stuckenberg (NMSA, BMNH). Ranomafana, Ifanadiana, | female (NMSA). Antananarivo 
Province: La Mandraka, December 1953, 2 males, N.H.L.Krauss (BMNH). Ankaratra massif, Manjakatompo 
forest station, 1.1956, | female, B.R. Stuckenberg (NMSA). dct [District of] Ambatolampy, Lac Froid, 1620 
m, 11-15 December 1957, 1 male | female, B.R. Stuckenberg (NMSA, BMNH). Antsiranana Province: 
Nossi-Bé, Sambirano, Lokobe, 6 m, 9-23 November 1957, | female, B.R. Stuckenberg (NMSA). dct [District 
of] Diégo-Suarez, Montagne d’ Ambra, 1000 m, 23 November-4 December 1958, 1 male, B.R. Stuckenberg 
(NMSA). 


DESCRIPTIONS OF NEW SPECIES OF LIMNOPHORA 
Limnophora mesovittata Couri, Pont, and Penny, sp. nov. 


TyYpE.— Ho orye: female, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Parc 
National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary 
tropical forest, 22-28 November 2001, R. Harin’ Hala, collection code: MA-02-09C-04, CASENT 3009729. 

DIAGNOsIS.— Mesonotum with postsutural transverse brown band extending medially as a 
brown vitta and reaching scutellum, the width of this vitta slightly wider than the pale spot around 
the posterior dorsocentral seta; mid femur with 2 posterior to posterodorsal preapical setae; 
abdomen with pale dusting between and outside the black brown spots, and the spots therefore 
indistinct. 

GENERAL COLOR.— Ground-colour brown with grey pollinosity. Head with frons brown; 
parafacial and gena silver pollinose. Antenna, arista and palpus brown. Anterior spiracle light 
brown. Mesonotum with postsutural transverse brown band extending medially as a brown vitta and 
reaching scutellum, the width of this vitta slightly wider than the pale spot around the posterior dor- 
socentral seta. Scutellum with a transverse brown band on basal two-thirds. Calypters whitish. 
Haltere whitish-yellow. Wing clear. Legs brown with grey pollinosity. Abdomen with pale dusting 
between and outside the blackish-brown spots, and the spots therefore indistinct. 
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FEMALE.— Length. Body: 4.2 mm, wing: 4.3 mm. 

HEAD.— Interocular space about one-third of head-width at level of anterior ocellus. Inner ver- 
tical setae longer than outer. Ocellar triangle short. Frontal row with 6 pairs of setae, and 1| pair of 
reclinate orbitals. Antenna inserted at mid level of eye; flagellomere about 2.5 times as long as pedi- 
cel. Arista short haired. Gena a little wider than the width of flagellomere. Palpus filiform. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+3; 2 postpronotals; | presutural; 2 intra-alars; 2 
supra-alars; 2 postsupra-alars. Notopleuron with two setae, similar in size. Scutellum with two pairs 
of long setae, one basal and one apical, similar in size. Anepisternum with a series of 5 long setae. 
Katepisternals 1+2. Anepimeron bare. Lower calypter about twice as long as upper one. Base of 
R4,5 with 1-2 short setulae on both wing surfaces. Cell r5 at wing tip more than twice as wide as 
length of cross-vein r-m. Fore femur with complete rows of posterodorsal, dorsal and posteroven- 
tral setae; fore tibia with one dorsal preapical seta; mid femur with | median anterior seta and 2 pos- 
terior preapicals; mid tibia with 2 posterior setae on middle third; | preapical dorsal, and apical 
setae on anteroventral and ventral surfaces, the latter longer; hind femur with a complete anterodor- 
sal row of setae; 2 anteroventrals on apical third; hind tibia with one median anterodorsal seta and 
one submedian anteroventral; one preapical dorsal and one apical ventral. 

ABDOMEN.— Tergite 5 with a subbasal and an apical row of setae. 

OvipPosiToR.— Ovipositor and spermathecae as in Fig. 98. 

MALeE.— Unknown. 

OTHER MATERIAL EXAMINED.— PaARATYPES: Same data as holotype; 1 female, CASENT 3009741. 
Radio tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43’E, Malaise trap, mixed tropical forest, 15-21 
December 2001, R. Harin’ Hala, collection code: MA-02-09B-07, 1 female, CASENT 3010858. 

ETYMOLOGY.— The name comes from the Greek prefix meso, meaning middle, and the Latin 
word vitta, meaning ribbon or band, and refers to the transverse brown band of the mesonotum. 

DiscussION.— L. mesovittata, sp. nov. is morphologically close to L. perfidodes Emden, 1951, 
which is recorded from Burundi, Ethiopia, Kenya, Rwanda, Uganda and D.R. Congo. The follow- 
ing key couplet will separate them: 


1. Arista with short hairs, shorter than the width of antennal flagellomere; calypter yellow; cell r5 at wing tip 
more than twice as wide as length of cross-vein r-m; pale dust on abdomen between and outside the black 
MEG HESPOLS sthiexS POLS ere LOrewmMGIStINCl.» sary re a ee wy ras eat or) eee L. mesovittata, sp. Nov. 
Arista with the longest hairs equal to the width of antennal flagellomere; calypter creamy; cell r5 at wing 
tip about twice as wide as length of cross-vein r-m; pale dust on abdomen grey, the black spots very dis- 
Riniciganmwe lI“ GemMedcarseee cet eee aie OF ehcp eso oe ME Me eemtorey Sowa etait ens ee EG L. perfidodes Emden 


Limnophora triangularis Couri, Pont, and Penny, sp. nov. 


TyPE.— Ho oryre: female, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Parc 
National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary 
tropical forest, 26 February-4 March 2002, R. Harin’Hala, collection code: MA-02-09C-18, CASENT 
3010601. 

DIAGNosIs.— Ocellar triangle cut off abruptly, not extending far down frons; fronto-orbital 
plate brown on over upper half; mesonotum with a pair of presutural spots running along the dor- 
socentral row of setae and reaching the second pair of presutural dorsocentrals; postsutural trans- 
verse band extends from suture about to level of second pair of dorsocentrals; scutellum black along 
sides as well as along base; mid femur with 2 posterior preapical setae; black abdominal spots large, 
those on tergites 3 and 4 reaching fore margin of the tergites. 

GENERAL COLOR.— Ground-colour brown with grey pollinosity. Head with frons brown; ocel- 
lar triangle grey pollinose; fronto-orbital plate brown on over upper half; gena silver pollinose from 
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certain angles. Antenna, arista and palpus brown. Anterior spiracle pale yellow, posterior spiracle 
grey pollinose. Mesonotum with a pair of presutural spots running along dorsocentral row of setae 
and reaching second pair of presutural dorsocentrals; postsutural transverse band extending from 
suture about to level of second pair of dorsocentrals; scutellum black along sides as well as along 
base. Calypters whitish. Haltere whitish-yellow. Wing clear. Legs brown with grey pollinosity. 
Abdomen with brown spots on tergites 3 and 4, reaching fore margin of the tergites. 

FEMALE.— Length. Body: 4.0-4.3 mm, wing: 4.0-4.5 mm. 

HEAD.— Interocular space about one-third of head-width at level of anterior ocellus. Inner ver- 
tical setae longer than outer. Ocellar triangle short, cut off abruptly and with a pair of long ocellar 
setae. Frontal row with 6 pairs of setae, and | pair of reclinate orbitals. Antenna inserted at mid level 
of eye; flagellomere about 2.3 times as long as pedicel. Arista short haired. Gena a little wider than 
width of flagellomere. Palpus filiform. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+3; 2 postpronotals; 1 presutural; 2 intra-alars; 2 
supra-alars; 2 postsupra-alars. Notopleuron with two setae, similar in size. Scutellum with two pairs 
of long setae, one basal and one apical, similar in size. Anepisternum with a series of 5 long setae. 
Katepisternals 1+2. Anepimeron bare. Lower calypter about twice as long as upper one. Base of 
R4,s5 with 1—2 short setulae on both wing surfaces. Fore femur with complete rows of posterodor- 
sal, dorsal and posteroventral setae; fore tibia with one dorsal preapical seta; mid femur with 2-4 
anterior setae on middle third; 2 posterior preapical setae; mid tibia with 2 posterior setae on mid- 
dle third; | preapical dorsal and apical setae on anteroventral and posteroventral surfaces; hind 
femur with a complete anterodorsal row of setae; 2 anteroventrals on apical third; hind tibia with 
one anteroventral and one median anterodorsal seta; one preapical dorsal and one apical ventral. 

ABDOMEN.— Tergite 5 with a subbasal and an apical row of setae. 

OviPosiToR.— Ovipositor and spermathecae as in Fig. 99. 

MALE.— Unknown. 

OTHER MATERIAL EXAMINED.— PARATYPES: MADAGASCAR: Toliara Province: Antafoky, elev. 60 m, 
23°28'44”S 44°3’56’E, Malaise trap, gallery forest, 25-28 January 2002, Frontier Wilderness Project, collec- 
tion code: MGFO02, | female, CASENT 3009675; 1 female, CASENT 3009489 (BMNH); | female, CASENT 
3009422; 1 female, CASENT 3009468; | female, CASENT 3009662; 1 female, CASENT 3009495; 1 female, 
CASENT 3009464; 1 female, CASENT 3009434: 1 female, CASENT 3009503 (MNRJ): 1 female, CASENT 
30096451; 1 female, CASENT 3009655; Manderano, elev. 70 m, 23°31'39”S 44°5’18”E, Malaise trap, edge 
of marsh, 5 m from road, gallery forest, 23 June—28 July 2002, Frontier Wilderness Project, collection code: 
MGF035, | female, CASENT 3009333 (BMNH); 23°31’38”S 44°5’15”E, Malaise trap at edge of marsh near 
road, 22—29 May 2002, Frontier Wilderness Project, collection code: MGFO031, 1 female, CASENT 3009002; 
1 female, CASENT 3009007. Parc National d’ Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 24°56.21’S 
46°37.60’E, Malaise trap in transitional forest, 10-21 September 2003, M. Irwin, F. Parker, R. Harin’ Hala, col- 
lection code: MA-02-20-39, 1 female, CASENT 3010869; 28 January—12 February 2004, collection code: 
MA-02-20-53, 1 female, CASENT 8078050; 1 female, CASENT 8078046; 1 female, CASENT 8078045; 1 
female, CASENT 8078048 (MNRJ); 1 female, CASENT 8078044; 6-18 March 2004, collection code: MA- 
02-20-56, 1 female, CASENT 8078011. Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, 
Malaise trap—in deciduous forest, 21-31 August 2003, R. Harin’Hala, collection code: MA-02-18A-66, 1 
female, CASENT 3010296. 

ETYMOLOGyY.— The name comes from the Latin word triangulus, meaning triangle, and refers 
to the distinctive shape of the ocellar triangle. 

Discussion.— L. triangularis, sp. nov. is morphologically close to L. excisa Emden, 1951, 
which is recorded from South Africa. The following key couplet will separate them: 


1. Ocellar triangle cut off abruptly, not extending far down frons; fronto-orbital plate brown on over upper half; 
mid femur with 2 posterior preapical setae; scutellum black along sides as well as along base; black abdom- 
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inal spots larger, those on tergites 3 and 4 reaching fore margin of the tergites... . L. triangularis, sp. nov. 
Ocellar triangle normal, reaching at least halfway from front ocellus to lunula; fronto-orbital plate silvery, 
brownish only around middle; mid femur with one preapical posterior seta; scutellum black only along 
base, grey on sides; black abdominal spots smaller, those on tergites 3 and 4 not reaching fore margins of 
UNS GEGEIUSS SAA Aeon RA Say ent FA e el me Uo mPa ER Re oC game ae ont EME et P 3 crt Se L. excisa Emden 


Lispacoenosia Snyder, 1949 


DIAGNOsIS.— Frons about one third of head-width in both sexes; parafacialia with fine hairs 
along their entire length; palpi moderately dilated at apex; postpronotals 1; dorsocentrals 0+1; 
katepisternals 1:1:1, arranged in an equilateral triangle; anepimeron bare. 

AFROTROPICAL FAUNA.— Only one species is known and is confined to the Afrotropical region 
(Ghana, Nigeria, Tanzania, D.R. Congo, Madagascar). 

MADAGASCAN FAUNA.— Only one specimen of L. fulvitarsus Snyder, 1949 was found in the 
material studied. The species can be recognized by the shining black mesonotum, with a median 
anterior silver spot presuturally and two silver small areas on notopleuron; ocellar triangle shining 
black, long, reaching lunula; antenna brownish-black; calypters white, halteres fulvous; legs main- 
ly black with some parts of tibiae and tarsi yellowish; head shape as in Fig. 100; hind tibia with one 
each anterodorsal, posterodorsal and anteroventral submedian setae. 


MATERIAL EXAMINED: KNOWN SPECIES 


L. fulvitarsus: MADAGASCAR: Toliara Province: Antafoky, elev. 60 m, 23°28’44”S 44°3’56”E, Malaise 
trap, gallery forest, 25-28 January 2002, Frontier Wilderness Project, collection code: MGFO02, | female, 
CASENT 3009609. Toamasina Province: dct [District of] Ambatondrazaka, Station Agric. Alaotra, 800 m, 
24 December 1957, 2 males, B.R. Stuckenberg (NMSA, BMNH). 


Lispe Latreille, 1796 


DiIAGNOsIS.— Male dichoptic; palpus enlarged apically, spatulate; prestomal teeth strongly 
developed; without interfrontal or proclinate orbital setae; parafacial setulose; dorsocentral setae 
0—2+2-4: prealar seta absent; anepimeron setulose in centre; lower proepimeral seta upcurved; 
katepisternals 1+2; sternite 1 setulose; male: gonopod absent; female: ovipositor with segment 8 
directed upwards and with spinules; hypoproct elongated and with spines (Couri and Carvalho, 
2002, modified). 

The larvae are obligate carnivores, and live in wet sand or mud with a high organic content. 
Adults are voracious and aggressive predators, mainly of the immature stages of Culicidae and 
Chironomidae. 

AFROTROPICAL FAUNA.— Forty nine species of Lispe are present in the Afrotropical region. 

MADAGASCAN FAUNA.— Thirteen Lispe species have been recorded from Madagascar, 8 of 
which are endemic: L. bengalensis (Robineau-Desvoidy, 1830), L. desjardinsii Macquart, 1851, L. 
dichaeta Stein, 1913, L. frontalis Zielke, 1972, L. keiseri Zielke, 1972, L. leucosticta Stein, 1918, 
L. madagascariensis Zielke, 1972, L. nuba Wiedemann, 1830, L. paraneo Zielke, 1972, L. paraspi- 
la Zielke, 1972, L. pennitarsis Stein, 1918, L. sexnotata Macquart, 1843, and L. stuckenbergi 
Zielke, 1970. Large series of specimens of L.paraspila and L pennitarsis have been found in our 
material. L. niveimaculata Stein, 1906, previously recorded as widespread throughout mainland 
Africa, is recorded for the first time from Madagascar. One new species was also found among our 
material and is here described. 
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Key to the Madagascar Species of Lispe 


le Rresutural dorsocentral setae:absent «2: ¢ 2 oe. aes os be Ste Les eee eee Z 
Presutural’dorsocentral setae present: +... 22. ad sce | oe Bee Se ee 3 
2. Only a single distinct dorsocentral seta, which is in front of scutellum; only the posterior katepis- 
ternal present; fore femur with 3-4 strong ventral setae on apical third (widespread on mainland 
MnicamNiadagascan) Savty os Leas. o sen tA ee ede an See L. niveimaculata Stein 
Dorsocentrals 0+2, the first shorter than the second (but lengths different in the series); all 3 
katepisternals present; fore femur without 34 strong ventral setae on apical third (Madagascar, 
FRE UTTL OT) ASE Ees ey Sas seth Se SEN aC. Aah Rn end ine Se ieee, ae L. sexnotata Macquart 
3. Fore femur with numerous short spinulose setae on ventral surface in addition to the normal setae 
and hairs; hind tibia without a posterodorsal seta (most of Africa, Madagascar, Aldabra, South 


Yemen, Egypt, Oriental Region, Australia, Pacific Is.)....L. bengalensis (Robineau-Desvoidy) 
Fore femur without numerous short spinulose setae on ventral surface; hind tibia with or with- 
out a posterodorsal seta. 2. iba. See oes oe 4 
41 presutural Gorsocentral seta... . 3... bi oe 4s se 26a is ws an 5 oo eee 5) 
2 presutural dorsocentral/setae.. 3. 5... teeta e) a is nd Jeet ae 6 sn ee 8 
5. 3 postsutural dorsocentral setae; hind tibia without posterodorsal seta; male hind tibia with long 
posteroventral hairs on apical half (Madagascar) ...................... L. paraspila Zielke 
2 postsutural dorsocentral setae; hind tibia with or without posterodorsal seta; male hind tibia 
without long posteroventral hairs on apical half .-.2........ 22.24.) 42 oo See 6 


6. Fore tibia brown, mid and hind tibia with some reddish areas (Madagascar) 


Alitibiae yellows 705 os ee tere eo eee ater lee epee tesco y © one 3 A if 
7. Fronto-orbital plate without 1—3 strong setae at lower end; male mid coxa with 34 posterior 
short and strong spines; mesothorax brown, grey pollinose, with one median vitta (Madagascar) 
Sih SU SE ra TR Bera Rc aie etait oe dice elon Bip Se EP aS bs L. stuckenbergi Zielke 
Fronto-orbital plate with 1—3 strong setae at lower end; male mid coxa without posterior short 
and strong spines; mesothorax yellowish with grey pollinosity, with fine vittae (widespread east 


to southern Africa, Nigeria, D.R. Congo, Madagascar, Mauritius) .......... L. dichaeta Stein 
8. 2 postsutural dorsocentral setae (Madagascar) ................. L. madagascariensis Zielke 
3.06 4 postsutural:dorsocentral setae <6 ...02 02 see a a 1 he eto Oh ae bys oa 9 
O53 ypostsutural dorsocentral’setae.. ... . sscin. 02 seam. waits hl els os ae Se ee 10 
4‘nostsutural.dorsocentral setae s. <2... 6a s6 es dass Sees 8 oe ee ee Re eee 13 


10. Palpi strongly silver pollinose at apex; fore tibia with a long dorsal seta at apical fourth; male 
first hind tarsomere larger than the others and with a tuft of strong setae (Madagascar) 
Beene Sete AES Gey Haherta Ys ta YelTalin WS Rueviane tas Saag’ TAR a SPA ee L. argentata, sp. nov. 


With a different combmation of characters ......s.....0<0222 5.4.34. 5h 9 eee 11 
11. Hind tibia without an anteroventral seta (Madagascar) ................... L. keiseri Zielke 
Hind: tibia with one anteroventral seta ........-...22-225.5220nneee- + ee eee 12 


12. Fore tarsus of male with an apical flattened and dilated seta (Fig. 101); mid and fore tibiae yel- 
low; hind tibia with one posterodorsal, one anterodorsal and one anteroventral setae on middle 


third (Annobon, Ghana, Liberia, Nigeria, Mauritius, Madagascar) ... . L. desjardinsii Macquart 
Fore tarsus of male without flattened setae; mid and hind tibiae only partially yellow; hind tibia 
with only two setae on middle third (Madagascar)...................-- L. pennitarsis Stein 


13. Head with the face strongly silvery-white pollinose; antennal flagellomere shorter than usual 
Pe eee Sons we ewe oo RS cee hte ek abn ee ee ee ee ee L. frontalis Zielke 


| 
| 
| 
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Head with the face not strongly silvery-white pollinose; antennal flagellomere not shortened 


14. Mid tibia with only one posterodorsal or one posteroventral seta; vein M strongly curved for- 
wards at apex (widespread east to southern Africa, Nigeria, Madagascar, Socotra, Tunisia, Egypt) 


Shel ee ty Ho hs abhor ede iodo e' dl dng Sale aa aes UMM aire oe bias Bley L. nuba Wiedemann 
Mid tibia with one posterodorsal and one poteroventral seta; vein M straight (Madagascar) 


PEER res Fp SRT SHAE cHoet he Se OES cet apondee PE hee ee «uy becra ies Me coe L. paraneo Zielke 


MATERIAL EXAMINED: KNOWN SPECIES 


L. dichaeta. MADAGASCAR: Antananarivo Province: Imerintsiatosika, January 1953, 1 female, 
R.Paulian (NMSA). 

L. keiseri: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, Vohiapara at broken 
bridge, elev. 1100 m, 21°13’57”S 47°22’19’E, Malaise trap, in high altitude rainforest, 25 May—4 June 2001, 
Harin’ Hala, collection code: MA-02-09A-30, 1 female, CASENT 3010558. JIRAMA, water works, 
21°14.91’S 47°27.13’E, Malaise trap near river, elev 690 m, 16 October—8 November 2001, R. Harin’ Hala, 
collection code: MA-02-09D-01, 1 female, CASENT 3010414; 1 female, CASENT 3010421; 1 female, 
CASENT 3010426 (MNRJ); 1 male, CASENT 3010418. 

L. niveimaculata: MADAGASCAR: Toliara Province: Antafoky, elev. 60 m, 23°28’44”S 44°3’56”E, 
Malaise trap, gallery forest, 25—28 January 2002, Frontier Wilderness Project, collection code: MGEFO02, 1| 
female, CASENT 3009478; 1 male, CASENT 3009522; elev. 55 m, 23°28’43”S 44°3’51”E, Malaise trap, 
gallery forest, 25—28 January 2002, Frontier Wilderness Project, collection code: MGFO03, 1 male, CASENT 
3009706. Mahajanga Province: Parc National d’Ampijoroa, 160 km N of Maevatanana on RN 04, elev. 43 
m, 16°19.16’S 46°48.80’E, Malaise trap, in deciduous forest, 24-31 August 2003, R. Harin’ Hala, collection 
code: MA-25-12, 1 male, CASENT 3010714; 5-12 October 2003, 1 male, CASENT 3010342; 1 male, 
CASENT 3010339; 1 male, CASENT 3010330 (MNRJ); 1 male, CASENT 3010345; 1 male, CASENT 
3010347; 1 male, CASENT 3010352: 1 female, CASENT 3010351; 1 female, CASENT 3010339; 1 female, 
CASENT 3010337; 1 female, CASENT 3010344; 14-22 September 2003, collection code: MA-25-15, 1 male, 
CASENT 3010726; 28 September—5 October 2003, collection code: MA-25-—17, 1 male, CASENT 3010462; 
1 female, CASENT 3010466; | female, CASENT 3010464 (MNRJ); 1 female, CASENT 3010463; 5-12 
October 2003, collection code: MA-25-18, 1 female, CASENT 3010342. Fianarantsoa Province: Vohiparara, 
at broken bridge, elev. 1110 m; 21°13’57”S 47°22’19’E, Malaise trap, in high altitude rainforest, 31 March—8 
April 2002, R. Harin’ Hala, collection code: MA-02-09A-23, 1 female, CASENT 3010589. 

L. paraspila: MADAGASCAR: Toliara Province: Antafoky, elev. 60 m, 23°28'44”S 44°3’56”E, Malaise 
trap, gallery forest, 25-28 January 2002, Frontier Wilderness Project, collection code: MGFO02, | male, 
CASENT 3009605; 1 male, CASENT 3009587; 1 male, CASENT 3009590; 1 male, CASENT 3009600; 1 
male, CASENT 3009599; 1 male, CASENT 3009439; 1 male, CASENT 3009510; 1 male, CASENT 3009493; 
1 male, CASENT 3009488; 1 male, CASENT 3009501; 1 male, CASENT 3009411; 1 male, CASENT 
3009435; 1 male, CASENT 3009470; 1 male, CASENT 3009442; 1 male, CASENT 3009450; 1 male, 
CASENT 3009430; 1 male, CASENT 3009429; 1 male, CASENT 3009458; 1 male, CASENT 3009469; 1 
male, CASENT 3009452: 1 male, CASENT 3009605; 1 female, CASENT 3009446; 1 female, CASENT 
3009465; 1 female, CASENT 3009424: 1 female, CASENT 3009437; 1 female, CASENT 3009606; 1 female, 
CASENT 3009507; 1 female, CASENT 3009589; 1 female, CASENT 3009456; | female, CASENT 3009445; 
1 female, CASENT 3009594: 1 male, CASENT 3009420; 1 male, CASENT 3009498; 1 male, CASENT 
3009438: 1 male, CASENT 3009642: 1 male, CASENT 3009663; 1 male, CASENT 3009650; 1 male, 
CASENT 3009651; 1 male, CASENT 3009413; 1 male, CASENT 3009658; 1 male, CASENT 3009657; 1 
male, CASENT 3009647; 1 male, CASENT 3009652; 1 male, CASENT 3009656; | male, CASENT 3009666; 
1 male, CASENT 3009668; 1 male, CASENT 3009670; 1 male, CASENT 3009437; 1 male, CASENT 
3009487; 1 male, CASENT 3009447; 1 male, CASENT 3009686; | female, CASENT 3009638; 1 female, 
CASENT 3009669; 1 female, CASENT 3009665; 1 female, CASENT 3009603; 1 female, CASENT 3009459; 
1 female, CASENT 3009443; 1 female, CASENT 3009433; 1 female, CASENT 3009649; 1 female, CASENT 
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3009444: 1 female, CASENT 3009660; 1 male, CASENT 3009672; 1 male, CASENT 3009685; 1 male, 
CASENT 3009688; 1 male, CASENT 3009475; 1 male, CASENT 3009497; 1 male, CASENT 3009491; 1 
male, CASENT 3009673; 1 female, CASENT 3009677; 1 female, CASENT 3009684; 1 female, CASENT 
3009653: 1 female, CASENT 3009490; | female, CASENT 3009678; 1 female, CASENT 3009648; 1 female, 
CASENT 3009453; 1 female, CASENT 3009496; | female, CASENT 3009415. Manderano, elev. 70 m, 
23°31’38”S 44°5’15”E, Malaise trap, gallery forest at edge of marsh near road, 22-29 May 2002, Frontier 
Wilderness Project, collection code: MGFO031, 1 male, CASENT 3009006; 1 female, CASENT 3009017. Pare 
National d’ Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 24°56.21’S 46°37.60’E, Malaise trap in transition- 
al forest, 28 January—12 February 2004, M. Irwin, F. Parker, R. Harin Hala, collection code: MA-02-20-53, 1 
female, CASENT 8078149 (MNRJ): 1 female, CASENT 8078069 (MNRJ); 1 female, CASENT 8078071; 1 
female, CASENT 8078072: 1 female, CASENT 8078073; 1 female, CASENT 8078074: 1 female, CASENT 
8078104: 1 female, CASENT 8078099; | female, CASENT 8078087; 1 female, CASENT 8078075; 1 female, 
CASENT 8078078; | female, CASENT 8078084; 1 female, CASENT 8078081; 1 female, CASENT 8078091; 
1 female, CASENT 8078088; 1 female, CASENT 8078106; 1 female, CASENT 8078108; 1 female, CASENT 
8078118; 1 female, CASENT 8078119: 1 female, CASENT 8078116; 1 female, CASENT 8078115; 1 female, 
CASENT 8078129; | female. CASENT 8078127; | female, CASENT 8078125; 1 female, CASENT 8078126; 
1 female, CASENT 8078124; 1 female, CASENT 8078122: 1 female, CASENT 8078135; 1 female, CASENT 
8078136: 1 female, CASENT 8078138; 1 female, CASENT 8078151: 1 female, CASENT 8078152: 1 female, 
CASENT 8078134; 1 female. CASENT 8078148; 1 female, CASENT 8078162; 1 female, CASENT 8078101; 
1 female, CASENT 8078117; 1 female, CASENT 8078120; 1 female, CASENT 8078123; 1 female, CASENT 
8078150; 1 female, CASENT 8078146: 1 female, CASENT 8078153; 1 female, CASENT 8078156; 1 female, 
CASENT 8078157; 1 female, CASENT 8078158; 1 female, CASENT 8078159; 1 male, CASENT 8078154; 
1 male, CASENT 8078128; 1 male, CASENT 8078144; 1 male, CASENT 8078142; 1 male, CASENT 
8078155: 1 male, CASENT 8078147; 1 male, CASENT 8078141; 1 male, CASENT 8078139; 1 male, 
CASENT 8078133; 1 male, CASENT 8078121; 1 male, CASENT 8078130; 1 male, CASENT 8078110; 1 
male, CASENT 8078154; 1 male, CASENT 8078111; 1 male, CASENT 8078113; 1 male, CASENT 8078154; 
1 male, CASENT 8078076; 1 male, CASENT 8078077; 1 male, CASENT 8078080; 1 male, CASENT 
8078085 (MNRJ); 1 male, CASENT 8078086; 1 male, CASENT 8078096; 1 male, CASENT 8078095; 1 
male, CASENT 8078094; | male, CASENT 8078093; | male, CASENT 8078092; 1 male, CASENT 8078098; 
1 male, CASENT 8078102: 1 male, CASENT 8078100; 1 female, CASENT 8078171; 1 female, CASENT 
8078172; 1 female, CASENT 8078174; 1 male, CASENT 8078173; 1 male, CASENT 8078179; 1 female, 
CASENT 8078163; 1 female, CASENT 8078164: 1 female, CASENT 8078165; 1 female, CASENT 8078167; 
| female, CASENT 8078168; 1 female, CASENT 8078169; 1 female, CASENT 8078170; 1 female, CASENT 
8078166; 15-28 January 2004, collection code: MA-02-20-52, 1 male, CASENT 8078039; 1 female, 
CASENT 8078040; | female, CASENT 8078041; 6—18 March 2004, collection code: MA-02-20-56, | female, 
CASENT 2070642; 1 female, CASENT 2070643; 1 female, CASENT 2070644; 1 female, CASENT 2070645; 
1 female, CASENT 2070646; 1 female, CASENT 2070647; 1 female, CASENT 2070648; 1 female, CASENT 
2070649; 1 female, CASENT 8078004: 1 female, CASENT 8078005; | female, CASENT 8078006; 1 female, 
CASENT 8078007: 1 female, CASENT 8078008; 1 female, CASENT 8078000; 1 male, CASENT 8078003; 
1 male, CASENT 8078004; 10-21 September 2003, collection code: MA-02-20-39, 1 male, CASENT 
3010875; 1 female, CASENT 3010880; 1 female, CASENT 3010836; 1 female, CASENT 3010834; 1 female, 
CASENT 3010870; | female, CASENT 3010872: 1 female, CASENT 3010873; 1 female, CASENT 3010876; 
| female, CASENT 3010877; 1 female, CASENT 3010878; 28 March-—8 April 2003, collection code: MA-02- 
20-20, 1 female, CASENT 2070513: 1 female, CASENT 2070529; 1 female, CASENT 2070559; 1 female, 
CASENT 2070562; 29 June—10 July 2003, collection code: MA-02-20-31, 1 female, CASENT 2070601; 1 
female, CASENT 2070576; 1 female, CASENT 2070607; 1 female, CASENT 2070592; 1 female, CASENT 
2070593; 1 male, CASENT 2070591; 1 male, CASENT 2070590; 8—18 March 2003, collection code: MA-02- 
20-18, 1 female, CASENT 3010916; 1 female, CASENT 3010903; 16-17 December 2002, collection code: 
MA-02-20-09, 1 female, CASENT 3010886; 1 female, CASENT 3010887: 1 female, CASENT 3010890; 1 
female, CASENT 3010891; 9-16 December 2002, collection code: MA-02-20-08; 1 female, CASENT 
3010431; 1 female, CASENT 3010432: 1 female, CASENT 3010433; 1 female, CASENT 3010434; 1 female, 
CASENT 3010435; 1 female, CASENT 3010436: 1 female, CASENT 3010437; 1 female, CASENT 3010439; 
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30 October-9 November 2003, collection code: MA-02-20-44; 1 female, CASENT 3010978; 1 female, 
CASENT 3010973; 1 female, CASENT 3010976; 1 female, CASENT 3010968: 1 female, CASENT 3010955; 
1 female, CASENT 3010956; 1 female, CASENT 3010966. Fianarantsoa Province: Parc National 
Ranomafana, radio tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise trap, mixed tropical 
forest, 16 October—8 November 2001, R. Harin’Hala, collection code: MA-02-09B-01, 1 female, CASENT 
3009722. JIRAMA, water works, 21°14.91’S 47°27.13’E, Malaise trap near river, elev 690 m, 10-14 January 
2002, R. Harin’Hala, collection code: MA-02-09D-11, 1 female, CASENT 3009972, 1 male. CASENT 
3009967. 

L. pennitarsis: MADAGASCAR: Toliara Province: Antafoky, elev. 60 m, 23°28’44”S 44°3’56”E, Malaise 
trap, gallery forest, 25-28 January 2002, Frontier Wilderness Project, collection code: MGFO02, | male, 
CASENT 3009701; 1 male, CASENT 3009617; 1 male, CASENT 3009622; 1 male, CASENT 3009697; 1 
male, CASENT 3009692: 1 male, CASENT 3009628; 1 female, CASENT 3009618; 1 male, CASENT 
3009619: 1 male, CASENT 3009624: 1 male, CASENT 3009476; 1 male, CASENT 3009508; 1 male, 
CASENT 3009511: 1 male, CASENT 3009466; | male, CASENT 3009448; 1 male, CASENT 3009492; 1 
male, CASENT 3009504: 1 male, CASENT 3009474; 1 male, CASENT 3009441; 1 female, CASENT 
3009463: | female, CASENT 3009467: | female, CASENT 3009436; 1 female, CASENT 3009432; 1 male, 
CASENT 3009472; 1 male, CASENT 3010105; 1 male, CASENT 3009698; 1 male, CASENT 3009694; 1 
male, CASENT 3009588: 1 female, CASENT 3009541; 1 male, CASENT 3009593; 1 female, CASENT 
3009535; 1 female, CASENT 3009515: 1 female, CASENT 3009519; 1 male, CASENT 3009604; 1 male, 
CASENT 3009512; 1 male, CASENT 3009514; 1 male, CASENT 3009516; 1 male, CASENT 3009520; 1 
male, CASENT 3009517; 1 male, CASENT 3009702; | male, CASENT 3009700; 1 male, CASENT 3009690; 
1 male, CASENT 3009699; 1 male, CASENT 3009705; 1 male, CASENT 3009693; | female, CASENT 
3009691; 1 male, CASENT 3009704: 1 male, CASENT 3009518; 1 male, CASENT 3009513; 1 male, 
CASENT 3009523: 1 male, CASENT 3009525; 1 female, CASENT 3009527; 1 female, CASENT 3009614; 
1 female, CASENT 3009524; 1 male, CASENT 3009526; 1 male, CASENT 3009529; 1 female, CASENT 
3009521: 1 female, CASENT 3009530; 1 male, CASENT 3009531; 1 female, CASENT 3009542 (MNRJ); 1 
male, CASENT 3009540; | male, CASENT 3009532: 1 male, CASENT 3009533; 1 male, CASENT 3009623; 
1 male, CASENT 3009536; 1 female, CASENT 3009537; | female, CASENT 3009534; 1 female, CASENT 
3009543: 1 female, CASENT 3009538; 1 female, CASENT 3009539; | male, CASENT 3009544; 1 male, 
CASENT 3009545; 1 male, CASENT 3009546; 1 male, CASENT 3009547; 1 male, CASENT 3009550; 1 
male, CASENT 3009551; 1 female, CASENT 3009553; 1 female, CASENT 3009552; 1 female, CASENT 
3009549 (MNRJ): 1 female, CASENT 3009695; | female, CASENT 3009548; 1 female, CASENT 3009630; 
1 female, CASENT 3009556: | male, CASENT 3009557; | female, CASENT 3009558; 1 male, CASENT 
3009559; 1 male, CASENT 3009626; 1 male, CASENT 3009563; 1 male, CASENT 3009564; 1 male, 
CASENT 3009574; 1 male, CASENT 3009573; 1 male, CASENT 3009565; | male, CASENT 3009567; 1 
male, CASENT 3009569; 1 male, CASENT 3009571; 1 female, CASENT 3009568; 1 female, CASENT 
3009570; 1 female, CASENT 3009515; 1 female, CASENT 3009562; 1 female, CASENT 3009560 (MNRSJ); 
1 female, CASENT 3009580; 1 male, CASENT 3009575; 1 male, CASENT 3009576; 1 male, CASENT 
3009577; 1 male, CASENT 3009579; 1 male, CASENT 3009561; 1 male, CASENT 3009581; 1 male, 
CASENT 3009582; 1 male, CASENT 3009583; 1 male, CASENT 3009585; 1 male, CASENT 3009616; 1 
male, CASENT 3009621; 1 male, CASENT 3009625 (MNRJ); 1 male, CASENT 3009528; 1 male, CASENT 
3009592: 1 male, CASENT 3009620; 1 male, CASENT 3009632; 1 male, CASENT 3009634; 1 male, 
CASENT 3009635; 1 male, CASENT 3009636; 1 male, CASENT 3009637; 1 male, CASENT 3009661; 1 
male, CASENT 3009555; 1 female, CASENT 3009554; 1 female, CASENT 3009627; 1 female, CASENT 
3009696: 1 female, CASENT 3009633; 1 female, CASENT 3009308; 1 female, CASENT 3009584; | female, 
CASENT 3009578: 1 female, CASENT 3009631: 1 female, CASENT 3009629. Manderano, elev. 70 m, 
23°31'38”S 44°5’15”E, Malaise trap, gallery forest at edge of marsh near road, 22-29 May 2002, Frontier 
Wilderness Project, collection code: MGF031, 1 male, CASENT 3008987; 23°31’39”S 44°5’18”E, Malaise 
trap, edge of marsh, 5 m from road, gallery forest, 23 June—28 July 2002, Frontier Wilderness Project, collec- 
tion code: MGF035, 1 female, CASENT 3009310; 1 male, CASENT 3009309; 1 female, CASENT 3009307. 
Sept Lacs, elev. 65 m, 23°31’36”S 44°9’19”E, Malaise trap, gallery forest, 9-12 March 2002, Frontier 
Wilderness Project, collection code: MGF026, 1 female, CASENT 3009272; elev. 70 m, 23°31’39’S 
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44°9’16”E, Malaise trap, gallery forest, 9-12 March 2002, collection code: MGFO025, 1 female, CASENT 
3008898. Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap, deciduous dry 
forest, 17-28 January 2002, R. Harin’ Hala, collection code: MA-02-18A-11, 1 female, CASENT 3010104; 1 
male, CASENT 3010108. 

L. sexnotata: MADAGASCAR: Toliara Province: Antafoky, elev. 60 m, 23°28’44”S 44°3’56”E, Malaise 
trap, gallery forest, 25-28 January 2002, Frontier Wilderness Project, collection code: MGFO02, 1 male, 
CASENT 3009500. Fiherenana, 23°10.619’S 43°57.685’E, Malaise trap, in small undisturbed riparian forest 
valley, 18-22 August 2003, Frontier Wilderness Project, collection code: MGEFO078, 1 female, CASENT 
3009254; 1 female, CASENT 3009253. Parc National d’Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 
24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 28 March-8 April 2003, M. Irwin, F. Parker, R. 
Harin Hala, collection code: MA-02-20-20, 1 female, CASENT 2070516; 1 female, CASENT 2070504. 
Antsiranana Province: Forét d’Ampondrabe, elev. 175 m, 26.3 km 10° NNE Daraina; 12°58’12”S 
49°42’00”E, Malaise trap—tropical dry forest, 10 December 2003, B.L. Fisher, collection code: BLF9976, 1 
male, CASENT 3010258. Fianarantsoa Province: Parc National Ranomafana, Vohiparara, at broken bridge, 
elev. 1100 m, 21°13.57’S 47°22.19’E, Malaise trap, in high altitude rainforest, 12-19 March 2002, R. 
Harin’ Hala, collection code: MA-02-09A-20, 1 female, CASENT 30010568; 16 October—8 November 2001, 
collection code: MA-02-09A-01, 1 male, CASENT 3010416; 1 male, CASENT 3010422; 19-26 February 
2002, collection code: MA-02-09A-17, 1 female, CASENT 3010459 (MNRJ). JIRAMA, water works, 
21°14.91’S 47°27.13’E, Malaise trap near river, elev. 690 m, 15-21 December 2001, R. Harin’ Hala, collection 
code: MA-02-09D-07, | female, CASENT 3010496 (MNRJ). 


DESCRIPTIONS OF NEW SPECIES OF LISPE 
Lispe argentata Couri, Pont, and Penny, sp. nov. 


TypE.— Ho otyre: male, deposited in CAS, labelled: MADAGASCAR: Toliara Province: Ifaty, near 
Hotel Paradisia, in coastal dunes, elev. 9 m, 23°10.78’S 43°37.01’E, Malaise trap, vegetation in sand area, 13 
October—12 November 2001, R. Harin’ Hala, collection code: MA-02-16-01, 1 male, CASENT 3009995. 

DIAGNOsIs.— The intense silver pollinosity on the head and at the tip of the palpus makes it 
easy to recognise this species. Males can also be distinguished by the enlarged first hind tarsomere 
with differentiated ventral setae that form a dense tuft. 

GENERAL COLOR.— Ground-colour brown with grey pollinosity. Head with frons, fronto- 
orbital plate, face, parafacial, gena and antenna with an intense silver pollinosity. Arista brown. 
Palpus yellow, strongly silver pollinose at apex. Anterior spiracle pale yellow. Mesonotum dark 
brown with some grey pollinosity presuturally. Sides of mesonotum and pleura grey pollinose. 
Calypters white; haltere yellow. Wing clear. Legs brown with grey pollinosity, femoro-tibial joints 
yellow. Abdominal tergites 3 and 4 with triangular brown lateral paired marks on apical half, touch- 
ing posterior margins. 

MALE.— Length. Body: 6.8 mm, wing: 6.4 mm. 

HEAD.— Dichoptic; interocular space about one-third of head-width at level of anterior ocel- 
lus. Frontal row with 5 pairs of long setae. Ocellar triangle long, reaching lunula; ocellar setae long. 
Antenna inserted at mid level of eye; flagellomere short, about 1.5 times as long as length of pedi- 
cel. Arista with short hairs. Gena high and wide. Palpus strongly spatulate at apex. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+3; 2 postpronotals; 1 presutural; 1 prealar; 2 
intra-alars; 2 supra-alars; 2 postsupra-alars. Notopleuron with two setae. Postalar declivity and 
suprasquamal ridge bare. Scutellum with two pairs of long setae. Anepisternum with a series of 5 
long setae. Katepisternals 1+2. Anepimeron setulose. Posterior spiracle with margins bare. Lower 
calypter enlarged, about 2.4 times as long as upper. Wing veins bare. Fore femur with a complete 
row of posterodorsal setae and a row of fine anteroventral setae; posteroventral, ventral and 
anteroventral surfaces with 4-5 irregular series of short setae; fore tibia with a long dorsal seta at 
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apical fourth; anterodorsal and posterodorsal surfaces with a preapical seta; mid femur with one 
supramedian anterior seta; a row of fine and spaced anteroventral setae on basal half; anteroventral 
and posteroventral surfaces with a row of short and stiff setae; posterodorsal surface with two 
preapical setae on apical fourth; mid tibia with 2 strong anterodorsals on apical third; one long pos- 
terodorsal median; one dorsal preapical and strong apical setae on anteroventral and posteroventral 
surfaces; hind femur with a complete anterodorsal row of setae; 3 anteroventrals on apical half; hind 
tibia with | submedian anteroventral and one dorsal preapical; first hind tarsomere enlarged, with 
a median ventral tuft of strong setae. 

ABDOMEN.— Tergite 5 with one basal and one apical row of strong setae, close to their respec- 
tive margins. Sternite 5 as in Fig. 102. 

TERMINALIA.— Cercal plate, surstyli and aedeagus as in Figs. 103 and 104. 

FEMALE.— Length. Body: 7.0 mm, wing: 6.8 mm. 

Differs from male as follows.— Fore femur broken; first hind tarsomere not enlarged and with- 
out differentiated setae. 

OvipPosiToR.— Ovipositor as in Fig. 105. 

EtTyMOLOGY.— The name comes from the Latin word argentum, meaning silver, and refers to 
the silvery pollinosity of the outer apical surface of the palpus. 

DIscussIoNn.— L. argentata, sp. nov. runs in the key to L. frontalis, as both species have a very 
short antenna and a silvery pollinose head, but the new species has the outer apical surface of the 
palpus strongly silvery pollinose; fore tibia with a long dorsal seta at apical fourth (and not at mid- 
dle as in L. frontalis); the male has a tuft of differentiated setae on first hind tarsomere and abdom- 
inal tergites 3 and 4 with triangular brown lateral paired marks on apical half, touching their poste- 
rior margins. 

OTHER MATERIAL EXAMINED.— Paratype, labelled: same data as holotype: 1 female, CASENT 
3009996. 


Lispocephala Pokorny, 1893 


DIAGNOsIS.— Two pairs of reclinate orbital setae; arista with more or less short hairs, bare on 
ventral surface in some males; prestomal teeth developed; dorsocentrals 2+3, the anterior presutur- 
al sometimes reduced; prealar seta absent; katepisternals 1:1:1; scutellum with basal and apical pair 
of setae developed; fore tibia without a median posterior seta; hind tibia with at least one seta on 
posterodorsal surface. 

The few known larvae are aquatic. Adults are predaceous. 

AFROTROPICAL FAUNA.— Six species of Lispocephala have been recorded from the 
Afrotropical region. Emden (1940, under Lispocephala and Pectiniseta Stein) gave a key for their 
separation. The species are: L. africana Malloch, 1935, L. equiseta (Snyder, 1953), L. mikii (Strobl, 
1893), L. obscura (Emden, 1940), L. pectinata (Stein, 1900) and L. squamifera Stein, 1913. 

MADAGASCAN FAUNA.— Only L. mikii (Strobl) has been recorded from Madagascar. The 
species is widespread from east to southern Africa and has also been recorded from Nigeria, D.R. 
Congo, and the Palaearctic region. It has not been found in the CAS material, but is represented in 
NMSA collection. L. pectinata (Stein) is a new record from Madagascar, and was represented only 
by one specimen. 


Key to the Madagascar species of Lispocephala 


1. Legs uniformly yellow; tergite 1+2 and sometimes also tergite 3 translucent yellowish laterally 
and ventrally; tergites 3 and 4 each with a pair of small and oval spots; arista short-plumose; male 
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terminalia not shining black (Madagascar, east to southern Africa, Nigeria, Zaire, and Palaearctic 
he SLOT) awn esse RY Ser cela Mel RO as Sei eee een a L. mikii (Strobl) 
Coxae and femora mostly dark brown; abdomen with a median brown vitta and round lateral 
brown spots on tergites 1+2 to 4, more distinct in posterior view; arista pectinate in male, long 
plumose in female; some parts of the male terminalia shining black. (Tanzania, Socotra, 
Madagascar, Oriental and Australasian regions eastwards to Samoa) ...... L. pectinata (Stein) 


MATERIAL EXAMINED: KNOWN SPECIES 


L. mikii: MADAGASCAR: Antananarivo Province: Antananarivo [Tananarive], Tsimbazaza, on rice, 
February 1949, 1 female, R.Paulian (NMSA). Sabotsy, 10 km north of Antananarivo [Tananarive], 8 January 
1948, R.Paulian, | female, R.Paulian (NMSA). Fianarantsoa Province: Vakoana, Andringitra Ambalavao, 
1520 m, 21-24 January 1958, 1 female, B.R. Stuckenberg (NMSA). Plateau Soaindrana, Andringitra 
Ambalavao, 2060 m, 14-17 January 1958, 1 female, B.R. Stuckenberg (NMSA). 

L. pectinata: MADAGASCAR: Toliara Province: Parc National d Andohahela, Tsimelahy, Parcelle II, elev. 
180 m, 24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 28 January—12 February 2004, M. Irwin, F. 
Parker, R. Harin’ Hala, collection code: MA-02-20-53, 1 male, CASENT 8078053. 


Morellia Robineau Desvoidy, 1830 


DIAGNOsISs.— Vein M strongly curved forwards towards vein R4,; before apex; suprasquamal 
ridge bare; anepimeron setulose; katepisternals 1+2; mid tibia without a posteroventral seta. 
Afrotropical species with mesonotum bluish-black to black, rarely metallic (in some other regions, 
green metallic Morellia are commonly found). [REF. Zielke 1971). 

The larvae breed in the dung of ungulates, especially cattle, and are strictly coprophagous. 

AFROTROPICAL FAUNA.— Fifteen species have been recorded from the Afrotropical Region. 

MADAGASCAN FAUNA.— Two species have been recorded from Madagascar: M.calyptrata 
Stein, 1913, which is widespread in east to southern Africa and is also known from Fernando Poo 
and Principe islands, and M. nilotica (Loew, 1856), which is widespread in the Afrotropical region 
and the Middle East. Only two females of M. calyptrata were found in our material. Both species 
lack presutural dorsocentral setae 


Key to the Madagascar Species of Morellia 


1. Cell dm completely covered with microtrichia; thorax, legs and abdomen dark brown; scutum 
with greyish pollinosity along a median vitta and laterally on postpronotum and notopleuron; 4 
postsutural dorsocentrals (widespread in east to southern Africa, Fernando Poo and Principe 
ISLANCS ead A CASCAT) hase & Sicoe aeeicas ate here ae oP aR cin coe ere a eo ene M.calyptrata Stein 
Cell dm devoid of microtrichia in at least basal part; general colour glossy dark blue, with white 
dusted dorsal vittae; 2—3 postsutural dorsocentrals, the third very weak (widespread throughout 
the Afrotropical region including Fernando Pod, Sao Tomé and Madagascar, North Africa and 
NWT CIER ERASE) 5 oe Fi RR OS. Une) SMO A le ou A 30) OS Rane a M. nilotica (Loew) 


MATERIAL EXAMINED: KNOWN SPECIES 


M. calyptrata: MADAGASCAR: Toliara Province: Parc National d’ Andohahela, Tsimelahy, Parcelle I, 
elev. 180 m, 24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 28 January—12 February 2004, M. 
Irwin, F. Parker, R. Harin Hala, collection code: MA-02-20-53, 1 female, CASENT 8078068; 1 female, 
CASENT 8078066. 


COURI ET AL.: MUSCIDAE (DIPTERA) FROM MADAGASCAR 863 


Musca Linnaeus, 1758 


DIAGNOsIs.— Males holoptic; eyes bare; arista enlarged on basal fourth, long-plumose; presu- 
tural acrostichals not developed; dorsocentrals 2+4; katepisternals 1+2; anepimeron setulose; 
prosternum setulose; lower calypter broad, truncate posteriorly, extending under base of scutellum; 
mid tibia without ventral seta; vein M with an angular forward bend towards vein R4,5 in apical 
part. (Carvalho and Couri 2002). [REF. Emden 1939, Zielke 1971]. 

Most larvae live in dung and are coprophagous, but a few live in a much wider range of sub- 
strates. M. domestica is omnivorous and breeds in any substrate where there is a high rate of fer- 
mentation. 

AFROTROPICAL FAUNA.— The genus Musca is represented in the Afrotropical region by 39 
species which are assigned to 6 subgenera as follows (Pont 1980): Byomya Robineau-Desvoidy (21 
species), Eumusca Townsend (10 species), Lissosterna Bezzi (1 species), Musca Linnaeus (1 
species), Philaematomyia Austen (1 species) and Viviparomusca Townsend (5 species). 

MADAGASCAN FAUNA.— Three subgenera and 4 species have been recorded from Madagascar: 
M. (Byomya) confiscata Speiser, 1924, M. (Byomya) sorbens Wiedemann, 1830, M. (Eumusca) xan- 
thomelaena Wiedemann, 1824 and M. (Musca) domestica Linnaeus, 1758. All of them are present 
in our material. The subspecies of M. domestica (M. d. domestica s.str., M. d. calleva Walker, M. d. 
curviforceps Sacca & Rivosecchi) have not been distinguished in our material, nor have the indi- 
vidual species within the M. sorbens complex (M. sorbens, M. biseta Hough, M. vetustissima 
Walker). 


Key to the Madagascar Species of Musca 


1. Proepisternal depression setulose (cosmopolitan; widespread in the Afrotropical region, includ- 
ing Aldabra, Astove, Madagascar, Seychelles, Socotra,) ........ M. domestica Linnaeus, s.lat. 
eee PISLC MM AINE [IHESSIOM* DANG, feet tetre cosine caret cae Mee. Cope Te Ee Ue ck ae SO) ee ae D, 

. Anterior spiracle dark brown (widespread east to southern Africa, Ghana, Cape Verde Is., 
Comoro Is., Madagascar, Aldabra, Mauritius, Réunion, Rodriguez, Seychelles, Socotra, South 
Yemen, Egypt, Oriental region to Philippines and Ryukyu Is.) ......... M. confiscata Speiser 
IABLCH OES PIACles Vc llOWs Att ait aera ae Aelcu at ics AN gael iat rae eek <i Aon. ct Tepe TO A Rac A 3 

3. Mesonotum with four postsutural brown vittae; meron without hairs; sternite 1 setulose; abdom- 

inal ground-colour orange and brown in both sexes (widespread east to southern Africa, Zaire, 
Cape Verde Is., Comoro Is., Madagascar, Mauritius, Réunion, Rodriguez, Oriental region to 
CSLSTSPAL TAS | a ENED) ans i MAM os eg ee Ne sey eA a See ST M. xanthomelaena Wiedemann 
Mesonotum with two postsutural brown vittae; meron haired below spiracle; sternite | bare; 
abdominal ground-colour brown with greyish pollinosity in female and brown and yellow in 
male (widespread Afrotropical region, Aldabra, Astove, Coetivy, Cosmoledo, Madagascar, 
Mauritius, Réunion, Seychelles, Socotra; southern Palaearctic and Oriental regions) 

cy REIS EME CS) RA Oe Naan 8 GUEST SES TEE HOR Ee RES ICM APRON te cee M. sorbens Wiedemann s.lat. 


i) 


MATERIAL EXAMINED: KNOWN SPECIES 


M. confiscata: MADAGASCAR: Toliara Province: Sept Lacs, elev. 120 m, 23°31'65”S 44°9’35’E, Malaise 
trap, gallery forest, 21-26 August 2002, Frontier Wilderness Project, collection code: MGF038, 1 female, 
CASENT 3009198; elev. 130 m, 23°31’65”S 44°9’35”E, Malaise trap, gallery forest trees and mixed scrub on 
hilltop, 21-26 August 2002, Frontier Wilderness Project, collection code: MGFO039, 1 female, CASENT 
3009197. Antafoky, elev. 60 m, 23°28’44”S 44°3’56”E, Malaise trap, gallery forest, 25-28 January 2002, 
Frontier Wilderness Project, collection code: MGFO002, 1 female, CASENT 3009505. Ifaty, near Hotel 
Paradisia, in coastal dunes, elev. 9 m, 23°10.78’S 43°37.01’E, Malaise trap, vegetation in sand area, 13 
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October—12 November 2001, R. Harin’ Hala, collection code: MA-02-16-01, 1 female, CASENT 3009997. 
Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap, deciduous dry forest, 17-28 
January 2002, R. Harin’Hala, collection code: MA-02-18A-11, 1 female, CASENT 3010070; 1 female, 
CASENT 3010071 (MNRJ); 1 female, CASENT 3010073; 1 male, CASENT 3010074; 1 female, CASENT 
3010077; 1 female, CASENT 3010084; 1 male, CASENT 3010078; 1 female, CASENT 3010079, 1 female, 
CASENT 3010069; 21 September—2 October 2003, collection code: MA-02-18A-69, 1 male, CASENT 
3010813; 1 male, CASENT 3010809; | male, CASENT 3010806; 1 female, CASENT 3010797; 1 female, 
CASENT 3010800; 1 female, CASENT 301079794; 1 female, CASENT 3010801; 1 female, CASENT 
3010803; 1 female, CASENT 3010804; 1 female, CASENT 3010805; | female, CASENT 3010807; 1 female, 
CASENT 3010808; 1 female, CASENT 3010810; 1 female, CASENT 3010811; 1 female, CASENT 3010795; 
1 female, CASENT 3010796; 6-16 December 2001, collection code: MA-02-18A-05, | male, CASENT 
3010819; 1 male, CASENT 3010820; 1 male, CASENT 3010821; 1 male, CASENT 3010822; 1 male, 
CASENT 3010823; 1 male, CASENT 3010825, 21-31 August 2003, collection code: MA-02-18A-66, 1 
female, CASENT 3010294; 27 December—6 January 2002, collection code: MA-02-18A-08, | male, CASENT 
3010275; 1 female, CASENT 3010276; 1 female, CASENT 3010277; | female, CASENT 3010278; | female, 
CASENT 3010279; 1 female, CASENT 3010283; 1 female, CASENT 3010282; 27 April—5 May 2003, col- 
lection code: MA-02-18A-53, 1 male, CASENT 3010289; | female, CASENT 3010286; 1 female, CASENT 
3010290; 1 female, CASENT 3010291; 1 female, CASENT 3010292; 29 May-8 June 2002, collection code: 
MA-02-18A-24, 1 male, CASENT 3010755; 1 female, CASENT 3010754; 1 female, CASENT 3010756; 1 
female, CASENT 3010757; 1 female, CASENT 3010758; | female, CASENT 3010759; 1 female, CASENT 
3010760; 4-14 December 2003, collection code: MA-02-18A-76, 1 female, CASENT 3010504; 1 female, 
CASENT 3010507; 1 female, CASENT 3010508, 1 male, CASENT 3010510; 9-10 May 2003, collection 
code: MA-02-18A-55; 1 male, CASENT 3010763; 1 female, CASENT 3010764; 1 female, CASENT 
3010765; 1 female, CASENT 3010766; | female, CASENT 3010767; 1 female, CASENT 3010768; 1 female, 
CASENT 3010769; 28 January—8 February 2002, collection code: MA-02-18A-12, 1 male, CASENT 
3010772; 1 female, CASENT 3010776; 1 female, CASENT 3010771; 1 female, CASENT 3010773; 1 female, 
CASENT 3010774; 1 female, CASENT 3010775. 22 km north of Toliara, 30 m, 23°11’S 43°37’E, 18 April 
1998, Malaise trap on beach dunes, M.E. Irwin and E.I. Schlinger, Schlinger Foundation Madagascar 
Expedition, collection code: 98-MAD-16, 1 female, CASENT 8021288. Parc National d’Andohahela, 
Tsimelahy, Parcelle I, elev. 180 m, 24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 30 October—9 
November 2003, M. Irwin, F. Parker, R. Harin’Hala, collection code: MA-02-20-44, 1 male, CASENT 
3010962 (MNRJ); 19-26 November 2002, collection code: MA-02-20-05, 1 male, CASENT 3010741; 16-17 
December 2002, collection code: MA-02-20-09, 1 female, CASENT 3010888; 6-18 March 2004, collection 
code: MA-02-20-56, 1 female, CASENT 8078016; 28 January—12 February 2004, collection code: MA-02-20- 
53, 1 female, CASENT 8078067; 15-28 January 2004, collection code: MA-02-20-52, 1 female, CASENT 
8078042. Mahajanga Province: Parc National d’ Ampijoroa, 160 km N of Maevatanana on RN 04, elev. 43 
m, 16°19.16’S 46°48.80’E, Malaise trap, in deciduous forest, 19-26 October 2003, R. Harin’ Hala, collection 
code: MA-25-20, | female, CASENT 3010366; | female, CASENT 3010365; 1 female, CASENT 3010364; 1 

female, CASENT 3010363; 1 female, CASENT 3010353; | female, CASENT 3010384; 1 female, CASENT 
3010358; 1 female, CASENT 3010357; 1 female, CASENT 3010385; 1 female, CASENT 3010370; 1 female, 
CASENT 3010368; | female, CASENT 3010362; 1 female, CASENT 3010356; | male, CASENT 3010369; 

1 male, CASENT 3010374; 1 male, CASENT 3010379; 1 male, CASENT 3010375; 1 male, CASENT 
3010355. 14-22 September 2003, collection code: MA-25-15, 1 female, CASENT 3010728; 1 female, 

CASENT 3010735; 1 female, CASENT 3010729; 1 female, CASENT 3010731; 1 female, CASENT 3010730; 

5—12 October 2003, collection code: MA-25-16, 1 female, CASENT 3010322; 9-20 November 2003, collec- 

tion code: MA-25-23, 1 male, CASENT 2070622; 1 female, CASENT 2070623; 1 female, CASENT 2070624; 

9-20 November 2003, collection code: MA-25-23, 1 male, CASENT 3010788; 1 male, CASENT 3010789; 1 

female, CASENT 3010780; 1 female, CASENT 3010781; 1 female, CASENT 3010778; 1 female, CASENT 

3010785; 1 female, CASENT 3010784; 1 female, CASENT 3010783; 1 female, CASENT 3010786; 28 

September—5 October 2003, collection code: MA-25-17, 1 male, CASENT 2070640; 1 male, CASENT 

2070641. 


M. domestica s. lat.: MADAGASCAR: Fianarantsoa Province: Parc National Ranomafana, Belle Vue at 
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Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 28 April—5 May 
2002, R. Harin’ Hala, collection code: MA-02-09C-27, 1 male, CASENT 3008948. Antsiranana Province: 
Pare National Montagne d’ Ambre, elev. 960 m, 12°30’52”S 49°10’53”E, Malaise trap, 11-12 February 2001, 
Harin’ Hala, collection code: MA-01-01A-06, 1 female, CASENT 3008949. Forét de Binara, elev. 375 m, 7.5 
km 230° SW Daraina, 13°15’18”S 49°37’00’E, pitfall trap—tropical dry forest, 1 December 2003, B.L. Fisher, 
collection code: BLF9558, 1 female, CASENT 3008916. Toliara Province: Mahafaly Plateau, 6.2 km, 74° 
ENE Itampolo, 24° 39’13”S 43°59’48’E, elev. 80 m, pitfall trap—in spiny forest thicket, 21-25 February 2002, 
Fisher, Griswold et al., collection code: BLF5763, 1 female, CASENT 3008961. Mahajanga Province: Parc 
National d’ Ampijoroa, 160 km N of Maevatanana on RN 04, elev. 43 m, 16°19.16’S 46°48.80’E, Malaise trap, 
in deciduous forest, 9-20 November 2003, R. Harin’ Hala, collection code: MA-25-23, | female, CASENT 
3010790. 

M. sorbens s. lat.: MADAGASCAR: Toliara Province: Forét Classée d’ Analavelona, 29.2 km 343° NNW 
Mahaboboka, elev. 1100 m, 22°40’30’S 44°11'24’E, pitfall trap, in montane rainforest, 18—22 February 2003, 
Fisher, Griswold et al., collection code: BLF7817, 1 female, CASENT 3009178. Manderano, elev. 70 m, 
23°31'39”S 44°5’18”E, Malaise trap, edge of marsh, 5 m from road, gallery forest, 23 June—28 July 2002, 
Frontier Wilderness Project, collection code: MGFO035, | female CASENT 3009332; 1 male. CASENT 
3009326. 22 km north of Toliara, 30 m, 23°11’S 43°37’E, 18 April 1998, Malaise trap on beach dunes, M.E. 
Irwin and E.I. Schlinger, Schlinger Foundation Madagascar Expedition, collection code: 98-MAD-16, | male, 
CASENT 3010370; 1 female, CASENT 8021267; | male, CASENT 8021280; 1 female, CASENT 3010271. 
16 km east Sakaraha, Zombitse Nature Reserve, 825 m, 20 April 1998, Malaise trap in tropical forest on sand, 
M.E. Irwin and E I. Schlinger, Schlinger Foundation Madagascar Expedition, collection code: 98-MAD-15, | 
male, CASENT 3010272. Ifaty, 18 km N of Toliara, in spiny forest, elev. 20 m, 23.1885°S 43.6239°E, 13 
December 1999, M.E. Irwin and E.I. Schlinger, collection code: MEI.99-MA-15, 1 female, CASENT 
8018399; 1 female, CASENT 8018405. Pare National d’Andohahela, Tsimelahy, Parcelle I, elev. 180 m, 
24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 11-19 October 2003, M. Irwin, F. Parker, R. Harin 
Hala, collection code: MA-02-20-42, | female, CASENT 3010832 (MNRJ); 8-18 March 2003, collection 
code: MA-02-20-18, 1 female, CASENT 3010938; 19-26 November 2002, collection code: MA-02-20-05, 1 
female, CASENT 3010744; 1 female, CASENT 3010745. 8-18 March 2003, collection code: MA-02-20-18, 
1 female, CASENT 3010917; 28 March—8 April 2003, collection code: MA-02-20-20, 1 female, CASENT 
2070520; 1 female, CASENT 3010999; 9-16 December 2002, collection code: MA-02-20-08, | female, 
CASENT 3010441; 1 female, CASENT 3010893; 29 June—10 July 2003, collection code: MA-02-20-31, 1 
female, CASENT 2070595. Antsiranana Province: Forét de Bekaraoka, elev. 150 m, 6.8 km 60° NE Daraina; 
13°10’00”S 49°42’36’E, Malaise trap—tropical dry forest, 10 December 2003, B.L. Fisher, collection code: 
BLF9976, 1 female, CASENT 3009055; 1 female, CASENT 3009054; 1 female, CASENT 3009057; 1 male, 
CASENT 3009056; 1 female, CASENT 3009053; 7 December 2003, collection code: BLF9874, 1 female, 
CASENT 3008929; 1 female, CASENT 3008928; 1 female, CASENT 3010255; 1 male, CASENT 3010256; 
1 female, CASENT 3010253; 1 female, CASENT 3010254; 1 female, CASENT 3010250; 1 female, CASENT 
3010257; 1 male, CASENT 3010251. Fianarantsoa Province: Parc National d’Isalo, Ambovo Springs, 29.3 
km, 4° N Ranohira, elev. 990 m, 22°17'54”S 45°21’06’E, pitfall trap in Uapaca woodland, 9-14 February 
2003, Fisher, Griswold et al., collection code: BLF7649, | female, CASENT 3009116. Mahajanga Province: 
Parc National d’ Ampijoroa, 160 km N of Maevatanana on RN 04, elev. 43 m, 16°19.16’S 46°48.80’E, Malaise 
trap, in deciduous forest, 9-20 November 2003, R. Harin’Hala, collection code: MA-25-23, 1 female, 
CASENT 2070625; 1 female, CASENT 2070626; 1 female, CASENT 2070633; 5-12 October 2003, collec- 
tion code: MA-25-18, 1 female, CASENT 3010332; 1 female, CASENT 3010323; 5—12 October 2003, collec- 
tion code: MA-25-18, 1 female, CASENT 3010333; 24-31 August 2003, collection code: MA-25-12, 1 
female, CASENT 3010707. 

M. xanthomelaena: MADAGASCAR: Toliara Province: Mikea Forest, NW of Manombo, elev. 30 m, 
22°54.22’S 43°28.53’E, Malaise trap, deciduous dry forest, 17-28 January 2002, R. Harin’Hala, collection 
code: MA-02-18A-11, 1 male, CASENT 3010093; 1 female, CASENT 3010090; 1 female, CASENT 
3010087; 1 female, CASENT 3010094; 21 September—2 October 2003, collection code: MA-02-18A-69, 1 
female, CASENT 3010814; 1 female, CASENT 3010815; 27 April-5 May 2003, collection code: MA-02- 
18A-53, 1 female, CASENT 3010288; 6-16 December 2001, collection code: MA-02-18A-05, 1 female, 
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CASENT 3010826; 21-31 August 2003, collection code: MA-02-18A-66, 1 female, CASENT 3010298; 4-14 
December, collection code: MA-02-18A-76, | female, CASENT 3010503. 22 km north of Toliara, 30 m, 
23°11’S 43°37’E, 18 April 1998, Malaise trap on beach dunes, M.E. Irwin and E.I. Schlinger, Schlinger 
Foundation Madagascar Expedition, collection code: 98-MAD-16, 1 female, CASENT 8021268. Pare 
National d’ Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 24°56.21’S 46°37.60’E, Malaise trap in transition- 
al forest, 6-16 December 2002, M. Irwin, F. Parker, R. Harin Hala, collection code: MA-02-20-08, 1 male, 
CASENT 3010443; 1 male, CASENT 3010429; 1 male, CASENT 3010444; 1 male, CASENT 3010442; 1 
male, CASENT 3010440; 1 female, CASENT 3010445; 1 female, CASENT 3010447; 30 October—9 
November 2003, collection code: MA-02-20-44, 1 female, CASENT 3010971; 28 March—8 April 2003, col- 
lection code: MA-02-20-20, 1 male, CASENT 2070506; 1 male, CASENT 2070551; 1 male, CASENT 
2070552: 1 male, CASENT 2070502; 1 male, CASENT 2070503; 1 male, CASENT 2070518; 1 female, 
CASENT 3010997; 1 female, CASENT 3010998; 1 female, CASENT 2070500; 1 female, CASENT 2070524; 
1 female, CASENT 2070521; 1 female, CASENT 2070517; 1 female, CASENT 2070514; 1 female, CASENT 
2070507; 1 female, CASENT 2070511; 1 female, CASENT 2070532; 1 female, CASENT 2070531; 1 female, 
CASENT 2070554; 1 female, CASENT 2070550; 1 female, CASENT 2070548; 1 male, CASENT 3010746; 
1 male, CASENT 2070515: 1 male, CASENT 3010740; 1 female, CASENT 2070527; 1 male, CASENT 
2070510, 8-18 March 2003, collection code: MA-02-20-18: 1 male, CASENT 3010899; 1 male, CASENT 
3010909: 1 male, CASENT 3010921; 1 male, CASENT 3010924; 1 male, CASENT 3010936; 1 male, 
CASENT 3010949: | male, CASENT 3010948; 1 female, CASENT 3010897: | female, CASENT 3010901; 
1 female, CASENT 3010941; 1 female, CASENT 3010940 (MNRJ); 1 female, CASENT 3010943; | female, 
CASENT 3010944; | female, CASENT 3010947; 1 female, CASENT 3010928: 1 female, CASENT 3010905; 
1 female, CASENT 3010911; 1 female, CASENT 3010913; | female, CASENT 3010933; 1 female, CASENT 
2070560; 16-17 December 2002, collection code: MA-02-20-09, 1 female, CASENT 3010897, 1 male, 
CASENT 3010896: 1 male, CASENT 3010894: 1 female, CASENT 3010892; | female, CASENT 3010889; 
29 June-10 July 2003, collection code: MA-02-20-31, 1 female, CASENT 2070577; 1 female, CASENT 
2070616 (MNRJ); 11-19 October 2003, collection code: MA-02-20-42, 1 female, CASENT 3010838; 1 
female, CASENT 3010841: 1 female, CASENT 3010830; | female, CASENT 3010837; 1 female, CASENT 
3010840; 1 female, CASENT 3010839; 17-24 August 2003, collection code: MA-02-20-36, 1 female, 
CASENT 3010564; 19-26 November 2002, collection code: MA-02-20-05, | female, CASENT 3010742; 28 
January—12 February 2004, collection code: MA-02-20-53, 1 female, CASENT 8078186; | female, CASENT 
8078187; 6-18 March 2004, collection code: MA-02-20-56, 1 female, CASENT 8078009. Lake Ranobe, 
23°02.468’S 43°36.607’E, Malaise trap, spiny forest / tamarind forest near lake edge, 25-21 April 2003, 
Frontier Wilderness Project, collection code: MGF066, | female, CASENT 3009283; 1 female, CASENT 
3009281. Sept Lacs, elev. 70 m, 23°31'39”S 44°9’16’E, Malaise trap, gallery forest, 7-9 March 2002, Frontier 
Wilderness Project, collection code: MGFO024, | male, CASENT 3008902; 1 female, CASENT 3008903; 1 
female, CASENT 3008901. Antafoky, elev. 55 m, 23°28’43”S 44°3’51”E, Malaise trap, gallery forest, 25-28 
January 2002, Frontier Wilderness Project, collection code: MGFO003, | female, CASENT 3009712. 
Mahajanga Province: Parc National d’ Ampijoroa, 160 km N of Maevatanana on RN 04, elev. 43 m, 
16°19.16’S 46°48.80’E, Malaise trap, in deciduous forest, 9-20 November 2003, R. Harin’Hala, collection 
code: MA-25-23, 1 female, CASENT 2070632; 1 female, CASENT 3010777; 1 female, CASENT 3010789; 
19-26 October 2003, collection code: MA-25-18, 1 female, CASENT 3010388: 1 male, CASENT 3010842 
(MNRJ); 28 September—5 October 2003, collection code: MA-25-17, 1 female, CASENT 2070635 (MNRJ). 


Myospila Rondani, 1856 


DIAGNOSIS.— Male holoptic; female with a pair of interfrontal setae; arista thickened in basal 
third, plumose; intra-alars 2; dorsocentrals 2+4; prealar present but weak; postalar wall; suprasqua- 
mal ridge, prosternum, anepimeron and meron bare; katepisternals 1+2 or 2+2; posterior spiracle 
bare on margins; vein M curved forward towards vein Ry,; before apex; vein Ry,5 with a few setu- 
lae at base on both surfaces; hind tibia without calcar; sternite | bare. 

The larvae are obligate carnivores and live in mammal dung, rotting fruit and the diseased parts 
of plants. 
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AFROTROPICAL FAUNA.— Eight species are recorded from the Afrotropical Region. 

MADAGASCAN FAUNA.— Three Myospila species have been recorded from Madagascar: M. 
bekilyana (Séguy, 1938), M. paradoxalis (Stein in Becker, 1903) and M. lenticeps (Thomson, 
1869), the first two of which were found in the CAS material and the last one is represented in 
NMSA and BMNH collections. 


Key to the Madagascar Species of Myospila 


1. Face long: antennal flagellomere very long, more than four times as long as pedicel and reach- 
ing epistoma; facial ridges setulose (Fig. 106) (Egypt, Ghana, Madagascar, Nigeria, South 
ALTIICD)) 0 cist gee ace ee Rea Ca aoe ania etarepern aerate M. paradoxalis (Stein in Becker) 
Face not long; antennal flagellomere not more than 3 times as long as pedicel and not reaching 
EMistomasacialenmdsesmOu Setull OSC yr Tas SARE oS ces Seu tyler dene ee iets beg eee 2 

. Postpronotum reddish, contrasting with the rest of the mesonotum; abdomen with weak lateral 
SHorsestemoras yellow (Madagascan): @22 . 2 cae aisles ee ase erage M. bekilyana (Séguy) 
Postpronotum concolorous with the mesonotum; abdomen with conspicuous dark spots on tergi- 
ites 3—5; femora dark except at tips (widespread west to east Africa, Principe I., Madagascar, 
ME MbAE STON) reyes eich pyri A eye Sewer ten mapeeses cures nnn ots M. lenticeps (Thomson) 


i) 


MATERIAL EXAMINED: KNOWN SPECIES 


M. bekilyana: MADAGASCAR: Toliara Province: Antafoky, elev. 60 m, 23°29'17’S 44°4’37”E, Malaise 
trap, gallery forest, 8-10 February 2002, Frontier Wilderness Project, collection code: MGEFO05, | female, 
CASENT 3009188. Manderano, elev. 70 m, 23°31’38”S 44°5’15”E, Malaise trap, gallery forest at edge of 
marsh near road, 22—29 May 2002, Frontier Wilderness Project, collection code: MGFO31, 1 female, CASENT 
3009018 (MNRJ). Toamasina Province: Montagne d’Anjanaharibe, 19.5 km 27° NNE Ambinanitelo, elev. 
1100 m, 15°10’42”S 49°38’06”E, yellow pan trap in montane rainforest, 12-16 March 2003, B.L. Fisher, C.E. 
Griswold er al., collection code: BLF8153, 1 female, CASENT 3009193; 1 female, CASENT 3009194. 
Fianarantsoa Province: Parc National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 
47°25.21’E, Malaise trap, secondary tropical forest, 28 January—4 February 2002, R. Harin’ Hala, collection 
code: MA-02-09C-14, 1 male, CASENT 3010476 (MNRJ). Ranohira, 860 m. 26 January—4 February 1958, 5 
males | female, B.R. Stuckenberg (NMSA, BMNH). Antsiranana Province: Parc National de Marojejy, 
Manantenina River, 28.0 km 38° NE Andapa, 8.2 km 333° NNW Manantenina, elev. 450 m, 14°26'12”S 
49°46'30’E, Malaise trap—rain forest, 12-15 November 2003, B.L. Fisher er al., collection code: BLF8723, 
1 male, CASENT 3010129. dct [District of} Ambilobe, Anaboromo, reared from larva in ripe fruit of Dimaka, 
emerged 28 July 1951, 1 male, | female, R. Paulian (NMSA). Sambirano, Lokobe, Nossi-bé, 6 m, 9-23 
November 1957, 1 male 7 females, B.R. Stuckenberg (NMSA, BMNH). Nossi Bé, Héllville, January 1952, 2 
males, N.L.H.Krauss (BMNH). Antananarivo Province: Antananarivo [Tananarive], December 1955, | 
male, B.R. Stuckenberg (NMSA). Antananarivo [Tananarive], larvae in ripe fruits of Dimaka anaborans, 
emerged 20 June 1951, 1 male 4 females, R. Paulian (NMSA). Tsimbazaza, Laboratoire de Parasitologie, 19 
April 1950, 1 female (NMSA). Toamasina Province: dct [District of] Mananara, Ivontaka, 15 m, 10-14 
March 1958, 2 males 4 females, B.R. Stuckenberg (NMSA, BMNH). dct [District of] Maroantsetra, Sahasoa 
Fampanambo, 80 m, 26-29 March 1958, 2 males, B.R. Stuckenberg (NMSA, BMNH). dct [District of] 
Maroantsetra, Navana-Antongil, 6 m, 20-25 March 1958, 1 male, B.R. Stuckenberg (NMSA). Montagne 
d’ Anjanaharibe, 19.5 km 27° NNE Ambinanitelo, elev. 1100 m, 15°10’42”S 49°38’06’E, yellow pan trap in 
montane rainforest, 12-16 March 2003, B.L. Fisher, Griswold et al., collection code: BLF8153, 1 female, 
CASENT 3009193; 1 female, CASENT 3009194. 

M. lenticeps: MADAGASCAR: Antsiranana Province: 10 km E of Ambilobe, January 1952, 1 male, 
N.H.L. Krauss (BMNH). Mahajanga Province: Ankarafantsika Forest, Tsaramandrosa, January 1956, | male, 
B.R. Stuckenberg (NMSA). Toamasina Province: Antanamba, 8 m, | April 1958, | male, B.R. Stuckenberg 
(NMSA). 
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M. paradoxalis: MADAGASCAR: Toliara Province: Sept Lacs, elev. 120 m, 23°31’65”S 44°9’35”E, 
Malaise trap, gallery forest, 21-26 August 2002, Frontier Wilderness Project, collection code: MGF038, 1 
male, CASENT 3009233. Lake Ranobe, elev. 30 m, 23°02.468’S 43°36.607’E, Malaise trap, spiny forest / 
tamarind forest near lake edge, 25—31 April 2003, Frontier Wilderness Project, collection code: MGF066, 1 
female, CASENT 3009282. Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap, 
deciduous dry forest, 4-14 December, R. Harin’Hala, collection code: MA-02-18A-76, 1 female, CASENT 
3010506; 29 May-—8 June 2002, collection code: MA-02-18A-24, 1 female, CASENT 3010761. Ifaty, near 
Hotel Paradisia, in coastal dunes, elev. 9 m, 23°10.78’S 43°37.01’E, Malaise trap, vegetation in sand area, 26 
May-—5 June 2002, R. Harin’ Hala, collection code: MA-02-16-28, 1 female, CASENT 3009798 (MNR3J). 


Neomyia Walker, 1859 


DIAGNOsIs.— Metallic green to blue or violet flies; suprasquamal ridge setulose (Fig. 2); 
postalar wall with a fine pile of setulae on posterior half; prosternum setulose; greater ampulla with 
setulae; lower calypter truncate, of the Musca-type; anepimeron setulose, katepisternals usually 
1+3; vein M strongly curved forward towards vein R4,5; before apex; subcostal sclerite with short 
setulae; aedeagus with strong spinules. [REF. Emden 1939, Zielke, 1971] 

The larvae live almost exclusively in bovine dung, and are strictly coprophagous. 

AFROTROPICAL FAUNA.— Forty three species are known from the Afrotropical region. 

MADAGASCAN FAUNA.— Three species have been recorded from Madagascar: N. albigena 
(Stein, 1913), N. setulosa (Zielke, 1972) and N. viridifrons (Macquart, 1843). N. setulosa is endem- 
ic to Madagascar. The first two were found in our material. 


Key to the Madagascar Species of Neomyia 


1. Wing membrane uniformly covered with microtrichiae; last abdominal segment undusted, shin- 
ing green, concolorous with the other abdominal tergites; body length about 8 mm (Madagascar) 
Lats St Rg ete REPRE gt a OME RSLS ASO Ie Po LOE ERIE Aa ne RUM cee EAT MET TL 0 N. setulosa (Zielke) 
Wing membrane with at least the basal part of discal cell without microtrichiae; last abdominal 
sesment dusted or not; body length about 6—8 mms... 2... 2532250002. ee ee ee yy 

. Two pairs of strong presutural dorsocentral setae; tergite 5 not dusted; body length about 6-8 
mm. (widespread in the Afrotropical region, Bioko [Fernando Pod], Madagascar, Socotra, 
Comoros: Mauritius: Reunions ROdneueZ)). 2.) ae a a eee N. albigena (Stein) 
Anterior pair of presutural dorsocentral setae hair-like; tergite 5 dusted; body length about 6—7 
mm (widespread through Africa, Madagascar, Mauritius, Réunion)... N. viridifrons (Macquart) 


i) 


MATERIAL EXAMINED: KNOWN SPECIES 


N. albigena: Madagascar: Fianarantsoa Province: Parc National Ranomafana, radio tower at forest 
edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise trap, mixed tropical forest, 16 October—8 November 
2001, R. Harin’ Hala, collection code: MA-02-09B-01, 1 female, CASENT 3009720; 25 July—3 August 2002, 
collection code: MA-02-09B-36, 1 male, CASENT 3010486. Toliara Province: Parc National d’ Andohahela, 
Tsimelahy, Parcelle II, elev. 180 m, 24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 28 January—12 
February 2004, M. Irwin, F. Parker, R. Harin Hala, collection code: MA-02-20-53, 1 male, CASENT 8078192; 
15-28 January 2004, collection code: MA-02-20-52, 1 male, CASENT 8078020; 1 male, CASENT 8078021 
(MNRJ); 10-21 September 2003, collection code: MA-02-20-39, 1 male, CASENT 3010885; 30 October—9 
November 2003, collection code: MA-02-20-44, 1 male, CASENT 3010993. Antsiranana Province: 
Ambohimitombo, 1894, 1 female, Forsyth-Major (BMNH). 

N. setulosa: MADAGASCAR: Antsiranana Province: Parc National de Marojejy, Manantenina River, 28.0 
km 38° NE Andapa, 8.2 km 333° NNW Manantenina, elev. 450 m, 14°26’12”S 49°46’30’E, Malaise trap— 
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rain forest, 12-15 November 2003, B.L. Fisher et al., collection code: BLF8723, | female, CASENT 3009073; 
1 female, CASENT 3009067; 1 female, CASENT 3009076; 1 male, CASENT 3010136; 1 male, CASENT 
3010145; 1 female, CASENT 3010144; 1 female, CASENT 3010143; 1 male, CASENT 3010128; 1 male, 
CASENT 3009077; 1 male, CASENT 3009078; 1 female, CASENT 3009080; 1 female, CASENT 3009081 
(MNRJ); 1 male, CASENT 3009082; 1 female, CASENT 3009083; 1 female, CASENT 3009084; 1 female, 
CASENT 3009071; 1 female, CASENT 3009070; 1 female, CASENT 3009072; | female, CASENT 3009091: 
1 female, CASENT 3009068; 1 female, CASENT 3009066; 1 male, CASENT 3009069; 1 male, CASENT 
3009085; 1 male, CASENT 3009074 (MNRJ); 1 male, CASENT 3009075; 1 male, CASENT 3010205; 1 
male, CASENT 3010204; 1 male, CASENT 3010203; 1 male, CASENT 3009090; | male, CASENT 3009079; 
1 male, CASENT 3010157; 1 male, CASENT 3010165; 1 male, CASENT 3010172; 1 male, CASENT 
3010162; 1 male, CASENT 3010181; 1 male, CASENT 3010169; 1 male, CASENT 3010167; 1 male, 
CASENT 3010166; 1 female, CASENT 3010158; 1 female, CASENT 3010159; 1 female, CASENT 3010160; 
1 female, CASENT 3010180; 1 female, CASENT 3010210; 1 female, CASENT 3010200; | female, CASENT 
3010187; 1 female, CASENT 3010184; 1 female, CASENT 3010191; 1 male, CASENT 3010173; 1 male, 
CASENT 3010174; 1 male, CASENT 3010176; 1 male, CASENT 3010178; 1 male, CASENT 3010179 
(MNRJ); 1 male, CASENT 3010194; 1 male, CASENT 3010199; 1 male, CASENT 3010201; 1 male, 
CASENT 3010188; 1 female, CASENT 3010175; 1 female, CASENT 3010177; 1 female, CASENT 3010168; 
1 female, CASENT 3010164; 1 female, CASENT 3010163; 1 female, CASENT 3010193 (MNRJ); 1 male, 
CASENT 3010185; 1 female, CASENT 3010195; 1 female, CASENT 3010189; 1 male, CASENT 3010196; 
1 female, CASENT 3010197; 1 female, CASENT 3010198; 1 male, CASENT 3010183; 1 female, CASENT 
3010182; 1 male, CASENT 3010192; 1 female, CASENT 3010190; 1 male, CASENT 3010202; 1 male, 
CASENT 3010207; 1 male, CASENT 3010208; 1 female, CASENT 3009840; 1 female, CASENT 3009841; 
1 male, CASENT 3009839; 1 female, CASENT 3009846; | male, CASENT 3009839; 1 male, CASENT 
3009842. Fianarantsoa Province: Parc National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 
21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 22-28 November 2001, R. Harin’ Hala, collec- 
tion code: MA-02-09C-04, 1 male, CASENT 3009747; 1 female, CASENT 3009746; 1 female, CASENT 
3009739. Talatakely, trail FO-300, elev. 1040 m, 8 November 1998, V. F. Lee, K. J. Ribardo, 1 male, CASENT 
8019640. Namorona River foot bridge, 850 m, Malaise, 14 April 1998, M.E. Irwin and E.I. Schlinger, 
Schlinger Foundation Madagascar Expedition, collection code: 98-MAD-9, 1 female, CASENT 8021521. 
JIRAMA, water works, 21°14.91’S 47°27.13’E, Malaise trap near river, elev 690 m, 10-14 January 2002, R. 
Harin’ Hala, collection code: MA-02-09D-11, 1 female, CASENT 3009954; 15-21 December 2001, collection 
code: MA-02-09D-07, 1 female, CASENT 3010495; | male, CASENT 3010492. Radio tower at forest edge, 
elev. 1130 m, 21°15’05”S 47°24’43’E, Malaise trap, mixed tropical forest, 16 October-8 November 2001, R. 
Harin’ Hala, collection code: MA-02-09B-01, 1 female, CASENT 3009718; 1 male, CASENT 3009714; 26-31 
March 2002, collection code: MA-02-09B-22, 1 female, CASENT 3010691; 1 female, CASENT 3010690. 
Vohiparara, at broken bridge, elev. 1110 m, 21°13’57”S 47°22’19’E, Malaise trap, in high altitude rainforest, 
16 October—8 November 2001, R. Harin’ Hala, collection code: MA-02-09A-01, | female, CASENT 3010428; 
15-25 July 2002, collection code: MA-02-09A-35, 1 female, CASENT 3010749; 1 female, CASENT 
3010750. Toliara Province: 16 km east Sakaraha, Zombitse Nature Reserve, 825 m, 20 April 1998, Malaise 
trap in tropical forest on sand, M.E. Irwin and E I. Schlinger, Schlinger Foundation Madagascar Expedition, 
collection code: 98-MAD-15, 1 male, CASENT 3010273; 1 male, CASENT 8021696; | male, CASENT 
3010274; collection code: MEI.99-MA.14, 1 male, CASENT 8018316. Antafoky, elev. 60 m, 23°28’44’S 
44°3'56”E, Malaise trap, gallery forest, 25-28 January 2002, Frontier Wilderness Project, collection code: 
MGFO002, 1 male, CASENT 3009482. 


Orchisia Rondani, 1877 


DIAGNOsIs.— Head with two pairs of reclinate frontal setae; arista with hairs along its entire 
length; prestomal teeth developed; frontal triangle reaching lunula; dorsocentrals 1+3; prealar 
absent; katepisternals 1:1:1; scutellum with only the apical pair of setae strong; fore tibia without a 
median posterior seta; hind tibia with a very small submedian posterodorsal seta. 

Biology unknown. Adults are assumed to be predaceous. 
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AFROTROPICAL FAUNA.— O. costata (Meigen, 1826) had been recorded from the Afrotropical 
region, where it has a widespread distribution, including Madagascar and Mauritius. 

MADAGASCAN FAUNA.— O. costata can be recognized by the yellow lower third of the frons; 
the wings brown along costal margin and transparent on the posterior half; tergites 2-4 with a very 
faint median brown vitta, and a pair of dark brown round spots. 


MATERIAL EXAMINED: KNOWN SPECIES 


O. costata: MADAGASCAR: Toliara Province: Parc National d’ Andohahela, Tsimelahy, Parcelle II, elev. 
180 m, 24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 29 June—10 July 2003, M. Irwin, F. Parker, 
R. Harin Hala, collection code: MA-02-20-31, 1 male, CASENT 2070575. Tolanaro [Fort Dauphin], sea level, 
19 April 1968, 1 male, K.M. Guichard (BMNH). Toamasina Province: Sandrangato, 2 females (NMSA, 
BMNH). det [District of] Maroantsetra, Navana-Antongil, 6 m, 20-25 March 1958, 3 males | female, B.R. 
Stuckenberg (NMSA, BMNH). det [District of] Mananara, Ivontaka, 15 m, 10-14 March 1958, 1 female, B.R. 
Stuckenberg (NMSA). Antananarivo Province: Antananarivo [Tananarive], Tsimbazaza, 12 July 1948, 1 
male, P.C. (NMSA). 


Phaonia Robineau-Desvoidy, 1830 


DIAGNOsIs.— Arista plumose; female frons without proclinate orbital setae; prosternum bare; 
dorsocentrals 1—2+3—4; posterior notopleural seta weaker than anterior seta; anepimeron bare; 
lower calypter glossiform; base of Ry,; with ventral setulae or bare (setulose in the two Madagascan 
species); hind tibia with a strong posterodorsal seta (calcar) inserted at apical fourth. 

The larvae are obligate carnivores, and live mainly in mosses, humus soil, and the rotten or 
sickly parts of trees and herbaceous plants. 

AFROTROPICAL FAUNA.— Twenty four species have been recorded from the Afrotropical 
region, most of them keyed by Emden (1943). 

MADAGASCAN FAUNA.— The two new species described here are the first species of this genus 
to be recorded from Madagascar: P. plurivittata, sp. nov. and P. univittata, sp. nov. 


MATERIAL EXAMINED: KNOWN SPECIES 


No described species of Phaonia was found among the material examined. 


Key to the Madagascar Species of Phaonia 


1. Ground-colour yellow; mesonotum with a median grey pollinose vitta; hind femur with 4—5 
anteroventrals on apical half (Madagascar) .......%in0.0..% sea dome: P. univittata, sp. nov. 
Ground-colour brown; mesonotum with five grey pollinose vittae along acrostichal, dorsocentral 
and intra-alar rows of setae; hind femur with 3 anteroventrals on apical half; (Madagascar) 

» Sod ies tact ce ee ee ERS at P. plurivttata, sp. nov. 


DESCRIPTIONS OF NEW SPECIES OF PHAONIA 


Phaonia plurivittata Couri, Pont, and Penny, sp. nov. 


TyYPE.— Ho otyPe: male, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Parc 
National Ranomafana, Belle Vue at Talatakely, elev. 1020 m, 21°15’99”S 47°25’21”E, Malaise trap, second- 
ary tropical forest, 12-19 February 2002, R. Harin’ Hala, collection code: MA-02-09C-16, CASENT 3009762. 

DIAGNOsiIs.— Ground-colour brown; mesonotum with five grey pollinose vittae along acros- 
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tichal, dorsocentral and intra-alar rows of setae. Abdominal tergite 1+2 yellowish; tergite 5 yellow, 
except for two basal lateral areas. Hind femur with 3 anteroventrals on apical half. 

GENERAL COLOR.— Ground-colour brown; mesonotum with five grey pollinose vittae along 
acrostichal, dorsocentral and intra-alar rows of setae. Head with frons reddish-brown, ocellar trian- 
gle black; fronto-orbital plate silvery pollinose; face silvery-whitish pollinose, parafacial and gena 
reddish-brown with a little grey pollinosity. Antenna with scape and pedicel yellowish and flagel- 
lomere brownish; arista yellowish-brown on basal third and brown on apical two-thirds. Palpus yel- 
low. Both spiracles yellowish. Calypters faintly brownish, with margins darker. Haltere yellow. 
Wing clear. Legs yellow. Abdomen brown, with tergite 1+2 yellowish and tergite 5 almost entirely 
yellow, except for two small basal lateral areas. 

MALE.— Length. Body: 6.0 mm, wing: 6.2 mm. 

HEAD.— Holoptic. Inner and outer vertical setae short. Ocellar seta short. Frontal row with 10 
pairs of setae, the pair closest to lunula stronger. Antenna inserted at mid level of eye; flagellomere 
about 2.8 times as long as pedicel. Arista plumose. Gena slender, similar in width to width of fla- 
gellomere. Palpus slightly flattened. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+4; 2 postpronotals; | presutural; | long prealar; 
2 intra-alars; 2 supra-alars; 2 postsupra-alars. Notopleuron with two setae, the posterior one a little 
finer and shorter. Postalar declivity and suprasquamal ridge bare. Scutellum with one basal and one 
apical pair of setae, both long and similar in size, and a short preapical pair. Anepisternum with a 
series of about 5 long and strong setae. Katepisternals 1+2, upper posterior one very long, about 
twice as long as the other two. Anepimeron bare. Posterior spiracle with margins bare. Lower 
calypter about twice as long as upper one. Wing vein R4,5 with ventral setulae on the node at base. 
Fore femur with complete posterodorsal and posteroventral rows of setae; fore tibia with no medi- 
an seta; one dorsal and one posterior preapical seta; mid femur with 4 fine ventral setae on basal 
third; 2 preapical anterodorsal and dorsal setae, 3 preapicals on posterior surface; mid tibia with two 
posterior setae on basal half, long and strong apical setae on anteroventral, ventral and posteroven- 
tral surfaces; hind femur with a complete row of anterodorsal setae; anteroventral surface with fine 
and spaced setae, except for 3 strong ones on apical third; one dorsal, one posterodorsal and two 
posterior preapical setae; hind tibia with one median anterodorsal seta; 4 anteroventral setae on 
basal half; a long posterodorsal seta on apical third; long apicals on anterodorsal, dorsal and 
anteroventral surfaces. 

ABDOMEN.— Tergite 4 with a marginal row of setae and tergite 5 with a discal and a marginal 
row of setae. Sternite 5 as in Fig. 107. 

TERMINALIA.— Cercal plate, surstyli and aedeagus as in Figs. 107-111. 

FEMALE.— Length. Body: 6.0 mm, wing: 6.2 mm. 

Differs from male as follows: Interocular space about one-third of head-width at level of ante- 
rior ocellus; inner and outer vertical setae moderately developed; ocellar setae and first leg broken; 
hind tibia with 2—3 anteroventral setae on middle third. 

OviposiToR.— Ovipositor and spermathecae as in Figs. 112 and 113. 

OTHER MATERIAL EXAMINED.— ParatyPes: MADAGASCAR: Fianarantsoa Province: Parc National 
Ranomafana, Vohiparara, at broken bridge, elev. 1100 m, 21°13’57”S 47°22’19”E, Malaise trap, in high alti- 
tude rainforest, 6-15 December 2001, R. Harin’Hala, collection code: MA-02-09A-06, 1 female, CASENT 
3010019. 

ETYMOLOGY.— The name comes from the Latin words pluri, meaning many, and vitta, mean- 
ing ribbon or band, and refers to the five grey vittae of the mesonotum of this species. 

DIscuUSSION.— The leg chaetotaxy is very similar in the two Madagascan species, although the 
mid femur of P. plurivittata, sp. nov. has 3 anteroventrals on apical third and P. univittata has 4—5. 
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The 5 greyish pollinose vittae on the thorax easily separate this species from the other Madagascan 
Phaonia. 


Phaonia univittata Couri, Pont, and Penny, sp. nov. 


TYPE.— Ho .ortype: female, deposited in CAS, labelled: MADAGASCAR: Toliara Province: Parc 
National d’ Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 24°56.21’S 46°37.60’E, Malaise trap in transition- 
al forest, 15-28 January 2004, M. Irwin, F. Parker, R. Harin Hala, collection code: MA-02-20-52, CASENT 
8078028. 

DIAGNOsIS.— General body colour yellow, mesonotum with a median grey pollinose vitta; 
abdomen entirely yellow; hind femur with 4-5 anteroventral setae on apical third. 

GENERAL COLOR.— Ground-colour yellow; mesonotum with a median grey pollinose vitta. 
Head with frons brown: fronto-orbital plate silvery pollinose; parafacial and gena with silver polli- 
nosity, from certain angles with a brown mark close to base of flagellomere. Antenna with scape 
and pedicel yellow; flagellomere and arista somewhat brownish-yellow. Palpus yellow to brown- 
ish-yellow. Both spiracles yellow. Mesonotum, in addition to the median grey pollinose vitta, with 
a fine light grey pollinosity on sides and scutellum. Calypters whitish, hyaline. Haltere yellow with 
knob whitish. Wing clear. Legs yellow. Abdomen yellow, some specimens with a little light grey 
pollinosity especially on tergites 4 and 5; a very faint and thin brown median vitta on tergites 4 and 
5 and very small brown bristle-dots at the base of the marginal setae on tergites 3 and 4 and of the 
discal setae on tergites 4 and 5. 

FEMALE.— Length. Body: 6.0—6.2 mm, wing: 5.8—6.0 mm. 

HeEAD.— Interocular space about one-third of head-width at level of anterior ocellus. Vertical 
setae moderately developed. Ocellar setae moderately developed, similar in size to the longer 
frontals. Frontal row with 8 pairs of setae. Antenna inserted at mid level of eye; flagellomere about 
three times as long as length. Arista plumose. Gena slender, similar in width to width of flagellom- 
ere. Palpus slightly flattened. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+4; 2 postpronotals; 1 presutural; 1 long prealar; 
2 intra-alars; 2 supra-alar; 2 postsupra-alars. Notopleuron with two setae, the posterior one a little 
finer and shorter. Postalar declivity and suprasquamal ridge bare. Scutellum with one basal and one 
apical pair of setae, both long and similar in size, and a short preapical pair. Anepisternum with a 
series of about 4—5 long and strong setae, with some finer setae among them; behind this row, and 
close to suture, about 3 setae situated on median third. Katepisternals 1+2. Anepimeron bare. 
Posterior spiracle with margins bare. Lower calypter about twice as long as upper one. Wing vein 
R4,5 with ventral setulae on the node at base. Fore femur with complete rows of posterodorsal, dor- 
sal and posteroventral setae; fore tibia with no median seta; one dorsal preapical; mid femur with 2 
anterodorsal, 1 dorsal and 2 posterodorsal preapical setae; mid tibia with two posterior setae on 
middle third; long apical setae on ventral, posteroventral and anterodorsal surfaces; hind femur with 
a complete anterodorsal row of setae and 4-5 anteroventrals on apical half; one dorsal and 2 pos- 
terodorsal preapical setae; hind tibia with one median anterodorsal; 2—3 anteroventrals on middle 
third; a long posterodorsal at apical third; long apicals on anterodorsal, dorsal and posterodorsal 
surfaces. 

ABDOMEN.— Series of longer setae on margins of tergites 4 and 5 and on disc of tergite 5. 

OviposiTorR.— Very long, tergites 6, 7 and 8 with scattered setulae on almost their full extent 
(Figs. 114 and 115); spermathecae oblong (Fig. 115). 

MALE.— Unknown. 

OTHER MATERIAL EXAMINED.— ParatTyPES: MADAGASCAR: Toliara Province: Ifaty, near Hotel 
Paradisia, in coastal dunes, elev. 9 m, 23°10.78’S 43°37.01’E, Malaise trap, vegetation in sand area, 26 May—5 


COURI ET AL.: MUSCIDAE (DIPTERA) FROM MADAGASCAR 873 


June 2002, R. Harin’ Hala, collection code: MA-02-16-28, 1 female, CASENT 3009796 (MNRJ); 1 female, 
CASENT 3009797. Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap, decid- 
uous dry forest, 17-28 January 2002, R. Harin’Hala, collection code: MA-02-18A-11, 1 female, CASENT 
3010060; 27 December 2001-6 January 2002, collection code: MA-02-18A-08, | female, CASENT 3010280; 
9-10 May 2003, collection code: MA-02-18A-55, 1 female, CASENT 3010770 (BMNH); elev. 37 m, 
22°54.80’S 43°28.93’E, Malaise trap, spiny forest, 6-16 December 2001, R. Harin’ Hala, collection code: MA- 
02-18B-05, 1 female, CASENT 3010829. Fiherenana, elev. 50 m, 23°14’07”S 43°52’15”E, Malaise trap, in 
degraded gallery forest, 14 December 2002, Frontier Wilderness Project, collection code: MGF049, 1 female, 
CASENT 3009270. 

ETyYMOLOGY.— The name comes from the Latin prefix uni, meaning one, and the Latin word 
vitta, meaning ribbon or band, and refers to the single grey vitta on the mesonotum of this species. 

DIsCUSSION.— In Emden’s (1943) key, this species runs to P. rhodesi Malloch, which is dark- 
er in general colour, with flagellomere black and pale only at base, mesonotum with four brownish 
postsutural vittae, and hind femur with fine posteroventral hairs at base. 


Pygophora Schiner, 1868 


DIAGNOSIS.— Frons high, much wider at anterior margin than at vertex, two pairs of reclinate 
orbital setae; each fronto-orbit usually with 4 setae; frontal triangle short; arista with long hairs on 
basal half (Fig. 6); prestomal teeth developed; dorsocentrals 1+3, the presutural seta sometimes pre- 
ceded by a short one; prealar seta absent; anepimeron bare; fore tibia with one median seta on pos- 
terior surface; hind tibia with one anteroventral, 2 anterodorsal and 2 posterodorsal setae. [REF. 
Crosskey 1962]. 

Biology unknown; adults predaceous. 

AFROTROPICAL FAUNA.— Six species have been recorded from the Afrotropical region. Emden 
(1940) gave a key to separate five of them (P. africana Crosskey, 1962 not included) and Crosskey 
(1962) gave a key to the Pygophora species of the world. 

MADAGASCAN FAUNA.— The only species recorded from Madagascar, and also from the 
Seychelles and Mauritius, P. pallipalpis (Stein, 1910), was found in our material. It can be recog- 
nized by the yellow frons and the presence of some setulae on lower fronto-orbital plate, between 
the frontal setae and the eye margin. 


MATERIAL EXAMINED: KNOWN SPECIES 


P. pallipalpis: MADAGASCAR: Toliara Province: Fiherenana, elev. 100 m, 23°10’37”S 43°57'39’E, 
Malaise trap, in gallery forest, 22-28 October 2002, Frontier Wilderness Project, collection code: MGF041, 1 
female, CASENT 3009225; 1 female, CASENT 3009217; 1 female, CASENT 3009216 (MNRJ); 1 male, 
CASENT 3009215 (MNRJ); 1 female, CASENT 3009213; 1 male, CASENT 3009220; 1 female, CASENT 
3009223; 1 female, CASENT 3009221; 1 female, CASENT 3009217; 1 male, CASENT 3009211; 1 female, 
CASENT 3009210; 1 male, CASENT 3009219; 1 female, CASENT 3009218; 1 male, CASENT 3009335; 1 
female, CASENT 3009212; 1 female, CASENT 30092222. 16 km east Sakaraha, Zombitse Nature Reserve, 
825 m, 22°88’23”S 44°70'06’E, 13 December 1999, tropical forest on sand, M.E. Irwin and E I. Schlinger, 
Schlinger Foundation Madagascar Expedition, collection code: MEI.99-MA.14, 1 female, CASENT 8018317 
(MNRJ); 1 female, CASENT 8018314. Parc National d’Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 
24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 30 October-9 November 2003, M. Irwin, F. Parker, 
R. Harin Hala, collection code: MA-02-20-44, 1 female, CASENT 3010950; 1 female, CASENT 3010959; 1 
female, CASENT 3010969 (MNRJ); 1 female, CASENT 3010964; 28 March-8 April 2003, collection code: 
MA-02-20-20, 1 male, CASENT 2070557; 1 male, CASENT 3010373; 10-21 September 2003, collection 
code: MA-02-20-39, 1 female, CASENT 3010864; 8-18 March 2003, collection code: MA-02-20-18, 1 male, 
CASENT 3010934; 15-28 January 2004, collection code: MA-02-20-52, 1 female, CASENT 8078194; 28 
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January—12 February 2004, collection code: MA-02-20-53, 1 female, CASENT 8078197; 1 female, CASENT 
8078195; 1 female, CASENT 8078196. Fianarantsoa Province: Parc National Ranomafana, Vohiparara, at 
broken bridge, elev. 1100 m, 21°13’57”S 47°22’19’E, Malaise trap, in high altitude rainforest, 6-15 December 
2001, R. Harin’ Hala, collection code: MA-02-09A-06, 1 female, CASENT 3010004; 14-26 June 2002, col- 
lection code: MA-02-09A-32, 1 female, CASENT 3010305. Radio tower at forest edge, elev. 1130 m, 
21°15.05’S 47°24.43’E, Malaise trap, mixed tropical forest, 26-31 March 2002, R. Harin’ Hala, collection 
code: MA-02-09B-22, 1 female, CASENT 3010686. Belle Vue at Talatakely, elev. 1020 m, 21°15.99’S 
47°25.21’E, Malaise trap, secondary tropical forest, 14-21 January 2002, R. Harin’ Hala, collection code: MA- 
02-09C-12, 1 female, CASENT 3009833. JIRAMA water works, elev. 690 m, 21°14.91’S 47°27’13’E, Malaise 
trap near river, 8-15 November 2001, R. Harin’ Hala, collection code: MA-02-09D-02, 1 female, CASENT 
3010724; 15—21 December 2001, collection code: MA-02-09D-07, 1 female, CASENT 3010498. Ranohira, 
860 m, 26 January—4 February 1958, 1 female, B.R. Stuckenberg (NMSA). Mahajanga Province: Parc 
National d’ Ampijoroa, 160 km N of Maevatanana on RN 04, elev. 43 m, 16°19.16’S 46°48.80’E, Malaise trap, 
in deciduous forest, 8-17 December 2003, R. Harin’ Hala, collection code: MA-25-26, 1 female, CASENT 
3010300; 28 September—5 October 2003, collection code: MA-25-17, 1 male, 3010670. Toamasina Province: 
Maroantretra, at light, 1 male 2 females, J. Vadon (MNHNP, BMNH). 


Pyrellia Robineau-Desvoidy, 1830 


DIAGNOsIS.— Metallic green, blue or violet flies; suprasquamal ridge and postalar wall bare; 
anepimeron setulose; dorsocentrals 2+4; katepisternals 1+3; lower calypter of the Musca-type, trun- 
cated; vein M strongly curved forward towards vein R,,; before apex. [REF. Zielke 1971]. 

The larvae live in the dung of ungulates, and are strictly coprophagous. 

AFROTROPICAL FAUNA.— Eleven species are recorded from the Afrotropical region. Zielke 
(1971) gave a key to separate 10 of them. 

MADAGASCAN FAUNA.— Only P. keiseri Zielke, 1972 is recorded from Madagascar, where it 1s 
endemic, and it was found in our material. A new species of Pyrellia was also found, represented 
only by the holotype female. 


Key to the Madagascar Species of Pyrellia 


1. Greater ampulla with stiff hairs; 7.5 mm (Madagascar).............. P. ampullacea, sp. nov. 
Greaterampullabare:6:5 mm (Madagascan)... 54.0 oo eae. eee eee P. keiseri Zielke 


MATERIAL EXAMINED: KNOWN SPECIES 


P. keiseri: MADAGASCAR: Antsiranana Province: Parc National de Marojejy, Manantenina River, 28.0 
km 38° NE Andapa, 8.2 km 333° NNW Manantenina, elev. 450 m, 14°26'12”S 49°46’30’E, Malaise trap— 
rain forest, 12-15 November 2003, B.L. Fisher er al., collection code: BLF8723, 1 male, CASENT 3009089; 
| female, CASENT 3009088; | female, CASENT 3009086; 1 female CASENT 3009087; 1 female, CASENT 
3010161; 1 female, CASENT 3010170; 1 female, CASENT 3010171; 1 female, CASENT 3010209; 1 female, 
CASENT 3010206; 1 female, CASENT 3010186; 1 male, CASENT 3010130; 1 female, CASENT 3010132. 
Toliara Province: Fiherenana, elev. 65 m, 23°13.351’S 43°52.853’E, Malaise trap, in degraded riparian forest 
close to water, 5—10 August 2003, Frontier Wilderness Project, collection code: MGFO076, 1 male, CASENT 
3009191. Sept Lacs, elev. 120 m, 23°31’65”S 44°9’35”E, Malaise trap, gallery forest, 21-26 August 2002, 
Frontier Wilderness Project, collection code: MGFO038, | female, CASENT 3009229. Antafoky, elev. 60 m, 
23°28’44’S 44°3’56’E, Malaise trap, gallery forest, 25-28 January 2002, Frontier Wilderness Project, collec- 
tion code: MGFO02, | female, CASENT 3009454. 
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DESCRIPTIONS OF NEW SPECIES OF PYRELLIA 
Pyrellia ampullacea Couri, Pont, and Penny, sp. nov. 


TyPE.— Ho otyre: female, deposited in CAS, labelled: MADAGASCAR: Toamasina Province: 
Montagne d’Anjanaharibe, 19.5 km 27° NNE Ambinanitelo, elev. 1100 m, 15°10’42”S 49°38’06’E, pitfall in 
montane rainforest, 12-16 March 2003, B.L. Fisher, Griswold et al., collection code: BLF8154, 1 female, 
CASENT 3009146. 

DraGnosis.— A large fly, 7.5 mm in length; greater ampulla with numerous hairs. 

GENERAL COLOR.— Ground-colour metallic violet. Head with frons dark brown; fronto-orbital 
plate dark brown, a little shining, grey pollinose close to lunula. Face and parafacial brown, grey 
pollinose from certain angles; gena reddish-brown. Antenna, arista and palpus dark brown. Anterior 
and posterior spiracles dark brown. Calypters slightly brownish. Haltere yellow at base and on 
knob; stalk brown. Wing clear. Legs uniformly dark brown. Abdomen violet metallic, concolorous 
with mesonotum. 

FEMALE.— Length. Body: 7.5 mm, wing: 7.3 mm. 

HEAD.— Interocular space about one-third of head-width at level of anterior ocellus. Vertical 
setae long; ocellar setae short and divergent. Frontal row with about 10 pairs of setae, and a long 
proclinate orbital. Antenna inserted at mid level of eye; flagellomere about 3.0 times as long as 
pedicel. Arista with long hairs. Gena about 1.5 times as wide as flagellomere. Palpus filiform. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+4, the first two postsutural setae very short; 2 
postpronotals; | presutural; 2 intra-alars; | supra-alar; 2 postsupra-alars. Notopleuron with two 
setae, similar in size. Postalar declivity and suprasquamal ridge bare. Scutellum with one pair of 
long basal setae, one preapical and one apical a little shorter and similar in size. Anepisternum with 
a series of about 10 setae, longer and stronger in upper half. Katepisternals 1+3. Anepimeron setu- 
lose posteriorly. Posterior spiracle with margins bare. Greater ampulla with numerous stiff hairs. 
Vein R45 setulose on both wing surfaces from base to cross-vein r-m, the basal node with two ven- 
tral setulae. Fore femur with complete posterodorsal and posteroventral rows of long and strong 
setae; posterior surface with relatively well developed setae along its entire length; fore tibia with 
no median setae; one preapical dorsal and one apical ventral; mid femur with two ventral setae on 
middle third; anterior surface with a row of short setae on basal two-thirds; two posterior preapical 
setae; mid tibia with 4 strong posterior setae along basal two-thirds; one strong ventral submedian; 
two strong apical ventral setae; hind femur with a complete row of anterodorsal setae; a sparse row 
on anteroventral surface, longer on apical third; hind tibia with 1 median anteroventral seta and one 
anterodorsal submedian, both short; one dorsal preapical and one ventral apical. 

ABDOMEN.— Tergites without differentiated setae. 

OviposiTor.— Long, tergites and sternites very fine and long; basal segment ornamented with 
folded membrane on both sides (Figs. 116 and 117). Spermathecae as in (Fig. 117). 

MALE.— Unknown. 

OTHER MATERIAL EXAMINED.— No paratypes. 

ETYMOLOGY.— The name comes from the Latin word ampulla, meaning flask or bottle, and 
refers to the stiff hairs on the greater ampulla of this species. 

Discusston.— P. ampullacea, sp. nov. differs from all other known species of Pyrellia by the 
presence of stiff hairs on the greater ampulla. P difficilis (one specimen in the CAS collection iden- 
tified by Zielke) also has hairs on the greater ampulla but they are very fine. Additional characters 
for recognizing the new species are its large size, the absence of an anterodorsal seta on mid tibia, 
and the dark brown anterior spiracle. 
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Spilogona Schnabl, 1911 


DIAGNOSIS.— Prosternum bare; hind tibia without calcar; prealar absent; prestomal teeth 
developed; dorsocentrals 2+3—4; katepisternals 1+1—3; mid femur without anterior preapical seta; 
wing veins bare; ovipositor of the Mydaea-type. 

The larvae are obligate carnivores, and may be terrestrial (in damp soil and moss cushions) or 
fully aquatic. Adults are predaceous. 

AFROTROPICAL FAUNA.— Seventeen species of Spilogona were recorded from the Afrotropical 
region. Most of them were keyed by Emden (1951), but since then a number have been transferred 
to the genus Limnophora (Pont 1980). 

MADAGASCAN FAUNA.— The new species described here is the first record of this genus from 
Madagascar. 

MATERIAL EXAMINED: KNOWN SPECIES 


No described species of Spilogona was found among the material examined. 


DESCRIPTIONS OF NEW SPECIES OF SPILOGONA 
Spilogona fulvipollinosa Couri, Pont, and Penny, sp. nov. 


TYPE.— Ho vorype: female, deposited in CAS, labelled: MADAGASCAR: Fianarantsoa Province: Radio 
tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43’E, Malaise trap, mixed tropical forest, 31 March—9 
April 2002, R. Harin’ Hala, collection code: MA-02-09B-23, CASENT 3010410. 

DIAGNOsIs.— Arista plumose; 3 postsutural dorsocentrals; legs reddish-brown; abdomen red- 
dish-brown with a little grey pollinosity, tergite 5 yellowish. 

GENERAL COLOR.— Ground-colour brown with grey pollinosity; mesonotum with postprono- 
tum yellow, with a very intensely yellow pollinose median vitta that is slender presuturally and 
expands after suture towards scutellum, which also has this intense pollinosity. Head with frons red- 
dish; ocellar triangle and fronto-orbital plate brownish with a little grey pollinosity from certain 
angles; parafacial and gena reddish-brown, silvery pollinose from certain angles. Antenna light 
brown with grey pollinosity, scape and base of flagellomere somewhat yellow; arista brown. Palpus 
yellow. Both spiracles yellow. Pleura brown with grey pollinosity. Calypters whitish, hyaline. 
Haltere yellow with whitish knob. Wing clear. Legs reddish-brown with a little grey pollinosity, fore 
tibia yellowish. Abdomen reddish-brown with a little grey pollinosity, tergite 5 yellowish. 

FEMALE.— Length. Body: 5.8 mm, wing: 6.0 mm. 

HEAD.— Interocular space about 2.6 times of head-width at level of anterior ocellus. Vertical 
setae long. Ocellar seta long, similar in size to the longest frontal. Frontal row with 5 pairs of setae. 
Antenna inserted at mid level of eye; flagellomere about three times as long as pedicel. Arista 
plumose. Gena slender, similar in width to that of flagellomere. Palpi filiform. 

THORAX.— Acrostichals 0+1; dorsocentrals 2+3; 2 postpronotals; 1 presutural; 1 intra-alar; 1 
supra-alar; 2 postsupra-alars. Notopleuron with two setae, similar in size. Postalar declivity and 
suprasquamal ridge bare. Scutellum with one long basal and one apical pair of setae. Anepisternum 
with a series of 5 long setae. Katepisternals 1+2. Anepimeron bare. Posterior spiracle with margins 
bare. Lower calypter about twice as long as upper one. Wing veins bare. Fore femur with a com- 
plete row of posterodorsal and posteroventral setae, the latter longer and more sparse; fore tibia with 
a long median posterior seta; one dorsal preapical, one posterodorsal apical and one posteroventral 
apical, similar in size; mid femur with 2 posterior preapical setae; mid tibia with two posterior setae 
on middle third; long apical setae on ventral, posteroventral and anterodorsal surfaces; hind femur 
with a complete anterodorsal row of setae and 4—5 anteroventrals on apical half; hind tibia with one 
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median and one supramedian anterodorsal; 2—3 anteroventrals on middle third; a long posterodor- 
sal on apical third; a long apical on ventral surface. 

ABDOMEN.— Marginal row of setae on tergites 4 and 5 and a discal row on tergite 5. 

OviposiToR.— Of the Mydaea-type, and spermathecae as in Fig. 118. 

MaALe.— Unknown. 

OTHER MATERIAL EXAMINED.— PARATYPES: MADAGASCAR: Fianarantsoa Province: Parc National 
Ranomafana, Vohiparara, at broken bridge, elev. 1110 m, 21°13.57’S 47°22.19’E, Malaise trap in high altitude 
rainforest, 14-21 January 2002, R. Harin’ Hala, collection code: MA-02-09A-12, 1 female, CASENT 3010623; 
6-15 December 2001, 1 female, CASENT 3010017. 

ETYMOLOGY.— The name comes from the Latin words fulvus, meaning tawny or reddish-yel- 
low, and pollen, meaning fine flour or dust, and refers to the intense yellow median vitta pollinos- 
ity of the postpronotum and mesonotum of this species. 

Discussion.— In Emden’s (1951) key, the new species runs to couplet 14 but goes no further 
as it has a different combination of characters. 


Stomoxys Geoffroy, 1762 


DIAGNOsIS.— General colour brownish-grey to yellowish-brown; head slightly wider than 
high; vertex about one-fourth of head-width in male and well over one-third in female; arista 
plumose; palpus slender and short, subcylindrical, and less than half as long as the elongated and 
non-retractile piercing proboscis; antennal flagellomere about 2.5 times as long as pedicel; proster- 
num and proepisternum setulose; prealar seta absent; anterior katepisternal absent. [REF. Emden 
1939, Zumpt 1973]. 

The larvae are usually found in mammalian excrement, but S. calcitrans breeds more widely, 
for example in grass clippings or vegetable compost where there is a high degree of bacterial fer- 
mentation. Adults are obligate blood suckers and have a proboscis adapted for piercing skin. 

AFROTROPICAL FAUNA.— There are 14 Afrotropical species of the genus Stomoxys. 

MADAGASCAN FAUNA.— Two species of Stomoxys have been recorded from Madagascar, and 
both have been found in our material: S. calcitrans (Linnaeus, 1758) and S. niger Macquart, 1851. 
Zumpt (1973) has given a key to the world species. 


Key to the Madagascar Species of Stomoxys 


1. Fons slightly widening from the vertex towards the lunula; abdomen with dark spots as in Fig. 
119; width of male frons at its narrowest part about '4 or more of eye-ength; width of female 
frons at vertex about one-half of eye-length (cosmopolitan, widespread in the Afrotropical region 
including Cape Verde Is.., Madagascar, Mauritius, Réunion, Seychelles, St Helena) 

URAC CITE BM ic eyes ch te a al cho arcshae oe esi area oiloriae te ree Vetta ees eosby ee med-n ha S. calcitrans (Linnaeus) 
Frons sub-parallel in posterior half; abdomen with dark transverse bands as in Fig. 120; width of 
male frons at narrowest point about '4 or less of eye-length; width of female frons less than one- 
half of eye-length (widespread in the Afrotropical region, including Cape Verde Is.., Madagascar, 
Mauritius, Réunion, Rodriguez, Seychelles, South Yemen,)............... S. niger Macquart 


MATERIAL EXAMINED: KNOWN SPECIES 


S. calcitrans: MADAGASCAR: Toliara Province: Sept Lacs: elev. 120 m, 23°31’65”S 44°9’35”E, Malaise 
trap, gallery forest, 21-26 August 2002, Frontier Wilderness Project, collection code: MGFO038, | female 
CASENT 3009236. Antsiranana Province: Forét d’ Ampondrabe, elev. 175 m, 26.3 km 10° NNE Daraina, 
12°58'12”S 49°42’00’E, Malaise trap—tropical dry forest, 10 December 2003, B.L. Fisher, collection code: 
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BLF9976, 1 female, CASENT 3009059; 1 female, CASENT 3009063. Antananarivo Province: 
Antananarivo [Tananarive], 26 November 1933, 3 females, W.A.Lamborn (BMNH). Antananarivo 
[Tananarive], March 1965, 5 females, G Uilenberg (BMNH). 

S. niger: MADAGASCAR: Toliara Province: Manderano, elev. 70 m, 23°31'39’S 44°5’18”E, Malaise trap, 
edge of marsh, 5 m from road, gallery forest, 23 June—28 July 2002, Frontier Wilderness Project, collection 
code: MGF035, 1 male, CASENT 3009315; 1 male, CASENT 3009317; 1 female, CASENT 3009316; 1 
female, CASENT 3009314; 1 female, CASENT 3009313; 1 female, CASENT 3009312; 1 female. CASENT 
3009311. Antafoky, elev. 60 m, 23°28’44”S 44°3’56”E, Malaise trap, gallery forest, 25-28 January 2002, 
Frontier Wilderness Project, collection code: MGEFO002, 1 female, CASENT 3009480. Parc National 
d’ Andohahela, Tsimelahy, Parcelle II, elev. 180 m, 24°56.21’S 46°37.60’E, Malaise trap in transitional forest, 
29 June—10 July, M. Irwin, F. Parker, R. Harin Hala, collection code: MA-02-20-31, 1 female, CASENT 
2070588; | female, CASENT 2070617: 1 female, CASENT 2070610: 1 female, CASENT 2070602; | female, 
CASENT 2070580; 1 female, 2070611: 30 October—9 November 2003, collection code: MA-02-20-44, 1 
female, CASENT 3010991; 1 female, CASENT 3010994; 1 female, CASENT 3010980; 1 male, CASENT 
3010984; 1 male, CASENT 3010985; 1 male, CASENT 3010983 (MNRJ); 1 male, CASENT 3010953; 1 
male, CASENT 3010987 (MNRJ); 10-21 September 2003, collection code: MA-02-20-39, 1 male, CASENT 
3010883; 1 female, CASENT 3010862; 11-19 October 2003, collection code: MA-02-20-42, 1 female, 
CASENT 3010831; 8-18 March 2003, collection code: MA-02-20-18, 1 female, CASENT 3010927; 1 female, 
CASENT 3010925; 9-16 December 2002, collection code: MA-02-20-08, 1 female, CASENT 3010446; 28 
January—12 February 2004, collection code: MA-02-20-53, 1 male, CASENT 8078064; 1 male, CASENT 
8078057; 1 male, CASENT 8078058; 1 male, CASENT 8078062; | female, CASENT 8078060; 1 female, 
CASENT 8078061; 1 female, CASENT 8078063; 1 female, CASENT 8078056; | female, CASENT 8078065; 
1 female, CASENT 8078059; 15-28 January 2004, collection code: MA-02-20-52, 1 male, CASENT 
8078022; 1 male, CASENT 8078023; 1 female, CASENT 8078024; | female, CASENT 8078025 (MNRJ). 
Mikea Forest, NW of Manombo, elev. 30 m, 22°54.22’S 43°28.53’E, Malaise trap, deciduous dry forest, 27 
December—6 January 2002, R. Harin’ Hala, collection code: MA-02-18A-08, 1 female, CASENT 3010284; 21 
September—2 October 2003, collection code: MA-02-18A-69, | female, CASENT 3010816. Fianarantsoa 
Province: JIRAMA, water works, 21°14.91’S 47°27.13’E, Malaise trap near river, elev. 690 m, 10-14 January 
2002, R. Harin’Hala, collection code: MA-02-09D-11, 1 male, CASENT 3009990; 1 male, CASENT 
3009981; 1 female, CASENT 3009991; 1 female, CASENT 3009977. Parc National d’Isalo, 9.1 km, 354° N 
Ranohira, elev. 725 m, 22°28’54”S 45°27'42’E, collected at light gallery forest, 27-31 January 2003, Fisher, 
Griswold et al., collection code: BLF7304, 1 female, CASENT 3009303. Parc National Ranomafana, radio 
tower at forest edge, elev. 1130 m, 21°15’05”S 47°24’43”E, Malaise trap, mixed tropical forest, 15-21 
December 2001, R. Harin’Hala, collection code: MA-02-09B-07, 1 female, CASENT 3009930; 1 female, 
CASENT 3010057. Sept Lacs, elev. 120 m, 23°31’65”S 44°9’35”E, Malaise trap, gallery forest, 21-26 August 
2002, Frontier Wilderness Project, collection code: MGFO038, | female, CASENT 3009235. Belle Vue at 
Talatakely, elev. 1020 m, 21°15.99’S 47°25.21’E, Malaise trap, secondary tropical forest, 14-21 January 2002, 
R. Harin’ Hala, collection code: MA-02-09C-12, 1 female, CASENT 3009836. Mahajanga Province: Parc 
National d’ Ampijoroa, 160 km N of Maevatanana on RN 04, elev. 43 m, 16°19.16’S 46°48.80’E, Malaise trap, 
in deciduous forest, 5-12 October 2003, R. Harin’Hala, collection code: MA-25-18, 1 male, CASENT 
3010325; 1 female; CASENT 3010348; 1 female, CASENT 3010327; 1 female, CASENT 3010326; 28 
September—5 October 2003, collection code: MA-25-17, 1 male, CASENT 3010474; 1 male, CASENT 
3010469; 1 male, CASENT 3010468; 1 female, CASENT 3010475; 7-14 September 2003, collection code: 
MA-25-14, 1 male, CASENT 3010449. Antananarivo Province: Tananarive, March 1965, 4 females, 
G.Uilenberg (BMNH). 
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FiGuRE 1. Atherigona sp. Head, lateral view (modified from Pont and Magpayo, 
1995) 

FiGurE 2. Neomyia setulosa (Zielke, 1972). Suprasquamal ridge 

Ficure 3. Deltotus viola Zielke, 1972. Cercal plate of male, frontal view (modified 
from Zielke, 1972, FIGURE 4:152) 

FIGURE 4. Musca xanthomelaena Wiedemann, 1830. Wing 

FiGureE 5. Morellia calyptrata Stein, 1913. Wing 

FIGURE 6. Pygophora pallipalpis Stein, 1910. Head, lateral view 

FIGURE 7. Coenosia nitidiventris Stein, 1906. Head, lateral view 

FIGURE 8. Anaphalantus longicornis (Macquart, 1843). Head, lateral view (modified 
from Couri and Pont, 2000) 
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FIGURE 9. Atherigona (Atherigona) contrastiloba Deeming, 1987. Male, hypopygial 
prominence, dorsal view view 


FiGuRE 10. Atherigona (Atherigona) contrastiloba Deeming, 1987. Male, hypopy- 
gial prominence, lateral view 


FIGURE 11. Atherigona (Atherigona) contrastiloba Deeming, 1987. Male. Trifoliate 
process 


FIGURE 12. Atherigona (Atherigona) contrastiloba Deeming, 1987. Male. Trifoliate 
process, apex, dorsal view 

FIGURE 13. Atherigona (Atherigona) contrastiloba Deeming, 1987. Male. Trifoliate 
process, apex, lateral view 

FicureE 14. Atherigona (Atherigona) nigridorsalis, sp. nov. Male, hypopygial promi- 
nence, dorsal view 


FIGURE 15. Atherigona (Atherigona) nigridorsalis, sp. nov. Male, hypopygial promi- 
nence, lateral view 

FiGuRE 16. Atherigona (Atherigona) nigridorsalis, sp. nov. Male. Trifoliate process 

FIGURE 17. Atherigona (Atherigona) nigridorsalis, sp. nov. Male. Trifoliate process, 
apex, dorsal view 


FIGURE 18. Atherigona (Atherigona) nigridorsalis, sp. nov. Male. Trifoliate process, 
apex, lateral view 
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FIGURE 19. Atherigona (Atherigona) quadriseta, sp. nov. Male, hypopygial promi- 


nence, dorsal view 


FIGURE 20. Atherigona (Atherigona) quadriseta, sp. nov. Male, hypopygial promi- 


nence, lateral view 


FIGURE 21. Atherigona (Atherigona) quadriseta, sp. nov. Male. Trifoliate process 
FIGURE 22. Atherigona (Atherigona) quadriseta, sp. nov. Male. Trifoliate process, 


apex, dorsal view 


FIGURE 23. Atherigona (Atherigona) quadriseta, sp. noy. Male. Trifoliate process, 


apex, lateral view 


FIGURE 24. Atherigona (Atherigona) variata, sp. 


dorsal view 

FIGURE 25. Atherigona (Atherigona) variata 
lateral view 

FIGURE 26. Atherigona (Atherigona) variata 

FIGURE 27. Atherigona (Atherigona) variata 
dorsal view 


FIGURE 28. Atherigona (Atherigona) variata, 


lateral view 
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FIGURE 29. Brontaea differa, 
FIGURE 30. Brontaea differa, 
FIGURE 31. Brontaea differa, 
FIGURE 32. Brontaea differa, 
FIGURE 33. Brontaea differa, 


sp. 
Sp. 
Sp. 
sp. 
sp. 


nov. Male 
nov. Male 
nov. Male 
nov. Male 
nov. Male 
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. Sternite 5, dorsal view 
. Cercal plate and surstyli, dorsal view 
. Cercal plate and surstyli, lateral view 
. Aedeagus, dorsal view 
. Aedeagus, lateral view 
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FiGureE 34. Brontaea differa, sp. nov. Female. Ovipositor, dorsal view 
FIGURE 35. Brontaea differa, sp. nov. Female. Ovipositor, ventral view and spermath- 


FIGURE 36. Cephalispa azurea, 
FIGURE 37. Cephalispa azurea, 
FIGURE 38. Cephalispa azurea, 
FIGURE 39. Cephalispa azurea, 


. nov. Female. Ovipositor, dorsal view 
. nov. Female. Ovipositor, lateral view 
. nov. Female. Spermathecae 

. nov. Egg, dorsal view 
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FIGURE 40. Cephalispa curta, sp. nov. Male. Sternite 5, dorsal view 

FiGuRE 41. Cephalispa curta, sp. nov. Male. Epandrium, sternite 6; cercal plate and 
surstyli, dorsal view 

FIGURE 42. Cephalispa curta, sp. nov. Male. Epandrium, sternite 6; cercal plate and 
surstyli, laterla view 

FIGURE 43. Cephalispa curta, sp. nov. Male. Cercal plate, surstyli, aedeagus, lateral 
view 

FIGURE 44. Cephalispa curta, sp. nov. Female. Ovipositor, dorsal view 

FIGURE 45. Cephalispa curta, sp. nov. Female. Ovipositor, ventral view 

FIGURE 46. Cephalispa curta, sp. nov. Female. Spermathecae 
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FIGURE 47. Coenosia aberrans, sp. nov. Female. Ovipositor, dorsal view 

FIGURE 48. Coenosia-aberrans, sp. nov. Female. Ovipositor, ventral view and sper- 
mathecae 

FIGURE 49. Dichaetomyia (Dichaetomyia) nigra, sp. noy. Male. Sternite 5, dorsal 
view 

FIGURE 50. Dichaetomyia (Dichaetomyia) nigra, sp. nov. Male. Cercal plate and 
surstyli, dorsal view 


FIGURE 51. Dichaetomyia (Dichaetomyia) nigra, sp. nov. Male. Cercal plate and 
surstyli, lateral view 
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FiGuRE 52. Dichaetomyia (Dichaetomyia) nigra, sp. nov. Male. Aedeagus, dorsal 
view 

FIGURE 53. Dichaetomyia (Dichaetomyia) nigra, sp. nov. Male. Aedeagus, lateral 
view 

FIGURE 54. Dichaetomyia (Dichaetomyia) nigra, sp. noy. Female. Ovipositor, dorsal 
view 

FIGURE 55. Dichaetomyia (Dichaetomyia) nigra, sp. nov. Female. Ovipositor, ventral 
view and spermathecae 

FIGURE 56. Dichaetomyia (Dichaetomyia) tricolorata, sp. nov. Male. Sternite 5, dor- 
sal view 

FIGURE 57. Dichaetomyia (Dichaetomyia) tricolorata, sp. nov. Male. Cercal plate 
and surstyli, dorsal view 

FIGURE 58. Dichaetomyia (Dichaetomyia) tricolorata, sp. nov. Male. Cercal plate 
and surstyli, lateral view 
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FIGURE 59. Dichaetomyia (Dichaetomyia) tricolorata, sp. nov. Male. Aedeagus, dor- 
sal view 


FIGURE 60. Dichaetomyia (Dichaetomyia) tricolorata, sp. nov. Male. Aedeagus, lat- 
eral view 


FiGuRE 61. Dichaetomyia (Dichaetomyia) tricolorata, sp. nov. Female. Ovipositor, 
dorsal view 


FIGURE 62. Dichaetomyia (Dichaetomyia) tricolorata, sp. nov. Female. Ovipositor, 
ventral view and spermathecae 
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FIGURE 63. Dichaetomyia (Panaga) colorata, sp. nov. Male. Sternite 5, dorsal view 

FIGURE 64. Dichaetomyia (Panaga) colorata, sp. nov. Male. Cercal plate and 
surstyli, dorsal view 

FIGURE 65. Dichaetomyia (Panaga) colorata, sp. nov. Male. Cercal plate and 
surstyli, lateral view 

FIGURE 66. Dichaetomyia (Panaga) colorata, sp. nov. Male. Aedeagus, dorsal view 

FIGURE 67. Dichaetomyia (Panaga) colorata, sp. nov. Male. Aedeagus, lateral view 
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FIGURE 68. Dichaetomyia (Panaga) colorata, sp. nov. Female. Ovipositor, dorsal 


view 


view and spermathecae 


FIGURE 69. Dichaetomyia (Panaga) colorata, sp. nov. Female. Ovipositor, ventral 


FIGURE 70. Dichaetomyia (Panaga) flabellifera, sp. nov. Male. Sternite 5, dorsal 


view 


FIGURE 71. Dichaetomyia (Panaga) flabellifera, 


surstyli, dorsal view 


FIGURE 72. Dichaetomyia (Panaga) flabellifera, 


surstyli, lateral view 


FIGURE 73. Dichaetomyia (Panaga) flabellifera, 


view 


FIGURE 74. Dichaetomyia (Panaga) flabellifera, 


view 


sp. nov. Male. Cercal plate and 
sp. nov. Male. Cercal plate and 
sp. nov. Male. Aedeagus, dorsal 


sp. nov. Male. Aedeagus, lateral 
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FIGURE 75. Dichaetomyia (Panaga) flabellifera, sp. nov. Female. Ovipositor, dorsal 
view : 
FIGURE 76. Dichaetomyia (Panaga) flabellifera, sp. nov. Female. Ovipositor, ventral 
view and spermathecae 

FIGURE 77. Hebecnema humeralis, sp. nov. Female. Ovipositor, lateral view and 
spermathecae 
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FIGURE 78. Hebecnema humeralis, sp. nov. Larva, lateral view 

FIGURE 79. Hebecnema humeralis, sp. nov. Larva, cephalopharingeal skeleton 

FiGuRE 80. Hebecnema humeralis, sp. nov. Larva, posterior spiracles 

FiGuRE 81. Helina flavomaculata, sp. nov. Female. Ovipositor, dorsal view 

FIGURE 82. Helina flavomaculata, sp. noy. Female. Ovipositor, ventral view and 
spermathecae 

FIGURE 83. Helina carpiae, sp. nov. Male. Sternite 5, dorsal view 

FIGURE 84. Helina carpiae, sp. nov. Male. Cercal plate and surstyli, dorsal view 

FIGURE 85. Helina carpiae, sp. nov. Male. Cercal plate and surstyli, lateral view 
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FIGURE 86. Helina carpiae, 
FIGURE 87. Helina carpiae, 
FIGURE 88. Helina carpiae, 


FIGURE 89. Helina grisella, s 
FIGuRE 90. Helina grisella, 
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. nov. Male. Aedeagus, lateral view 
. nov. Female. Ovipositor, dorsal view 
. nov. Female. Ovipositor, ventral view and spermath- 


. nov. Female. Ovipositor, dorsal view 
. nov. Female. Ovipositor, ventral view and spermath- 
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FIGURE 91. Hydrotaea bella, 
FiGurE 92. Hydrotaea bella, 
FiGure 93. Hydrotaea bella, 
FIGURE 94. Hydrotaea bella, 


. nov. Male 
. nov. Male 
. nov. Male 
. nov. Male 


Fourth Series, Volume 57, No. 29 


. Sternite 5, dorsal view 
. Cercal plate and surstyli, dorsal view 
. Cercal plate and surstyli, lateral view 
. Aedeagus, lateral view 
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FIGURE 95. Hydrotaea bella, sp. nov. Female. Ovipositor, dorsal view 

FIGURE 96. Hydrotaea bella, sp. nov. Female. Ovipositor, dorsal view, detail of api- 
cal segment 

FIGURE 97. Hydrotaea bella, sp. nov. Female. Ovipositor, ventral view and spermath- 
ecae 

FIGURE 98. Limnophora mesovittata, sp. nov. Female. Ovipositor, laterial view and 
spermathecae 

FIGURE 99. Limnophora triangularis, sp. nov. Female. Ovipositor, lateral view and 
FIGURE 89. spermathecae 
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FiGurRE 100. Lispacoenosia fulvitarsus Snyder, 1949. Male, head, lateral view (mod- 
ified from Snyder, 1949a, FIGURE 3:2) 

FiGurE 101. Lispe desjardinsii Macquart, 1851. Male, fore tibia and tarsi (modified 
from Snyder 1949a, FIGURE 1:2) 

FIGURE 102. Lispe argentata, sp. noy. Male. Sternite 5, dorsal view 

FiGuRE 103. Lispe argentata, sp. nov. Male. Cercal plate, dorsal view 

FiGuRE 104. Lispe argentata, sp. nov. Male. Cercal plate and aedeagus, lateral view 

FicureE 105. Lispe argentata, sp. nov. Female. Ovipositor, lateral view 

FicurE 106. Myospila paradoxalis (Stein in Becker, 1903). Male, head, frontal view 
(modified from Snyder 1949b, FIGURE 14:21). 

FIGURE 107. Phaonia plurivittata, sp. nov. Male. Sternite 5, dorsal view 
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FIGURE 108. Phaonia plurivittata, sp. nov. Male. Cercal plate and surstyli, dorsal 


view 
FIGURE 109. Phaonia plurivittata, sp. nov. Male. Cercal plate and surstyli, lateral 
view 

FiGure 110. Phaonia plurivittata, sp. nov. Male. Aedeagus, dorsal view 

FiGurE 111. Phaonia plurivittata, sp. nov. Male. Aedeagus, lateral view 

FiGurE 112. Phaonia plurivittata, sp. nov. Female. Ovipositor, dorsal view 

FiGure 113. Phaonia plurivittata, sp. nov. Female. Ovipositor, ventral view and sper- 


mathecae 
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FiGuRE 114. Phaonia univittata, sp. nov. Female. Ovipositor, dorsal view 
FiGureE 115. Phaonia univittata, sp. nov. Female. Ovipositor, ventral view and sper- 
mathecae 


COURI ET AL.: MUSCIDAE (DIPTERA) FROM MADAGASCAR 


yo 
-- ~~ 


0.2 mm 


ii 
cc LesbA ghlid 


{ 
SEE (Chl \ 
vied, 
cet UG 


lS 


PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Fourth Series, Volume 57, No. 29 


FIGURE 116. Pyrellia ampullacea, sp. nov. Female. Ovipositor, dorsal view 
FIGURE 117. Pyrellia ampullacea, sp. nov. Female. Ovipositor, ventral view and sper- 
mathecae 
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FiGurE 118. Spilogona fulvipollinosa, sp. nov. Female. Ovipositor, lateral view and 
spermathecae 

Figure 119. Stomoxys calcitrans (Linnaeus, 1758). Abdominal pattern (modified 
from Zumpt, 1973, fig. 74, 1:195) 

Figure 120. Stomoxys niger Macquart, 1851. Abdominal pattern (modified from 
Zumpt, 1973, 74, Il: 195) 
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A New Nudibranch Species, Genus Flabellina (Opisthobranchia: 
Aeolidacea) from the Caribbean with Redescriptions of F. verta 
(Marcus 1970), and F. dushia (Marcus and Marcus, 1963) 


Sandra Millen! and Jeffrey C. Hamann? 
! Department of Zoology, University of British Columbia, Vancouver, B.C., 
Canada, V6T 1Z4; Email: millen@ zoology.ubc.ca; * 475 West Bradley Avenue, 
El Cajon, California, 92020, USA; Email: Jeff@hamannco.com 


A new species of Flabellina has been discovered at Abaco, Bahamas and St. Lucia in 
the Caribbean Sea. This species, Flabellina dana sp. nov. has a translucent white body 
with a wide opaque white midline stripe, opaque white sides and red cerata with 
white cnidosacs. It has annulate rhinophores, a trait that immediately distinguishes 
it from all other tropical Atlantic and Caribbean species except the violet colored 
Flabellina alternata Ortea and Espinosa, 1998 from Angola. It is compared with all 
Flabellina species worldwide having annulate (ringed) rhinophores. 

Flabellina verta (Marcus, 1970), originally described from Brazil, has been found 
from Venezuela to Florida (Sarasota and Miami) in a variety of color patterns. This 
species is redescribed to clarify its identification. Flabellina dushia (Marcus and 
Marcus, 1963), originally described from Curacao in the Caribbean Sea, has recent- 
ly been redescribed from the eastern tropical Atlantic (Canary Islands and Cabo 
Verde Islands) by Ortea, Caballer and Morro (2004). Both the original description 
and the redescription lacked any mention of the reproductive system, so this species 
is redescribed in this paper. 


The aeolid opisthobranch genus Flabellina is a large one, containing over 54 species that are 
found in all temperate and tropical seas. Of the almost 300 opisthobranch species described from 
the tropical western Atlantic (see Marcus 1977; Millen and Hamann 1992; Valdés et al. 2006), only 
five, possibly six, belong to the genus Flabellina. Flabellina engeli Marcus and Marcus, 1968 with 
lamellate rhinophores and two species, F: marcusorum Gosliner and Kuzirian, 1990 and Flabellina 
hamanni Gosliner, 1994 with papillate rhinophores, all have cerata elevated or inserted on pedicles. 
Calmella bandeli Marcus, 1976 possibly belongs to this group of Flabellina with pedunculate cer- 
ata and has smooth rhinophores. Flabellina dushia (Marcus and Marcus, 1963) and F: verta 
(Marcus, 1970) have smooth rhinophores and cerata without elevations or pedicles, a grouping orig- 
inally placed in the genus Coryphella, but synonymised with Flabellina by Gosliner and Griffiths 
(1981) These latter two species are redescribed. This paper introduces a new species from the 
Caribbean Sea, Flabellina dana sp. nov., which has annulate rhinophores and bears its cerata on a 
notal brim. 
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SPECIES DESCRIPTIONS 


Flabellina verta (Marcus, 1970) 
Figures 1A—B, 2A, 3. 


Coryphella verta Marcus, 1970:211—213, figs. 9-15. 
Flabellina sp.2, Rudman (2000) 

Flabellina verta Valdés et al. (2006) 

Flabellina sp. 1, Valdés et al. (2006) 


MATERIAL EXAMINED.— Voucher specimen, California Academy of Sciences CASIZ 110800, 1 spec- 
imen, collected by J. Hamann on Testigos Island, Venezuela, September, 29 1989, with yellow lines, 9 mm pre- 
served, 30 m depth. Other specimens: Miami, Florida, West Atlantic, September 1, 1986, 1 specimen, 6 mm 
live, 2 m. depth, (photo only, J. Hamann). Sarasota, Florida, Gulf of Mexico, May 24, 1988, 2 specimens (one 
dissected), with white lines, 14 mm live, | m depth, J. Hamann. Testigos Islands, Venezuela, September 29, 
1989, with yellow lines, 12 specimens (two dissected), largest 21 mm live, 30 m depth, J. Hamann. West Palm 
Beach, Florida, March 5 and 19, 2000, 4 m depth (photos only. A. Dupont), same locality, February 18, 2001, 
1 specimen with white lines on Eudendrium, A. Dupont. 

DISTRIBUTION— Found from Cananéia, Brazil to West Palm Beach, Florida in the western 
Atlantic, Testigos Island, Venezuela in the Caribbean and Sarasota, Florida in the Gulf of Mexico. 

EXTERNAL MORPHOLOGY.— This is an elongate, slender aeolid, wider in front and tapering 
gradually to a long, thin, trailing foot (Figs. 1|A—B). The maximum preserved length is 10 mm, with 
the height exceeding the width, for example, a specimen 6.5 mm long was 1.1 mm wide and 1.3 
mm high. There is a small but continuous brim giving a sharp edge to the notum. The slender 
rhinophores are up to 2 mm long, smooth, cylindrical and arising close together, tapering to an acute 
tip. The ground colour is translucent white or tinged with orange, with three opaque white or yel- 
low lines. The three lines run the length of the body, one along each side, below the notal brim, from 
the oral tentacles to the posterior end of foot, sometimes extending out the sides of the oral tenta- 
cles. A dorsal line runs along each oral tentacle and meets at the anterior edge of the rhinophores 
where it continues as a medial line extending to the tip of the foot. None of the specimens exam- 
ined had white spots on the cerata as mentioned in the original description. The rhinophores are 
frosted on the distal two thirds with opaque white or yellow, as are the oral tentacles on the distal 
one third to one half. The cylindrical cerata usually have bright red-orange cores and white 
cnidosacs enclosed in a translucent white sheath. The white tips taper to an abrupt point. The cores 
can be red, dark red-brown or orange. In some specimens, the cores darken just under the cnidosacs 
and fade to yellow-orange towards the cerata bases. They are attached in widely spaced clusters 
along the notal brim, which is expanded at the clusters. The single anterior cluster begins just 
behind the rhinophores and contains 13-17 cerata per side, arranged in rows with no more than four 
per row. There are four to six posterior clusters on each side with diminishing numbers of cerata in 
each cluster, up to 15 in the first, as few as 4 in the last. (Fig. 3A) The cerata are up to 2 mm long, 
with wide, smooth digestive diverticulae and large cnidosacs. 

The head (Fig. 3B) is small and oval, as wide as the foot, with a T-shaped, sub-terminal mouth. 
It is not expanded at the sides. The oral tentacles are slender, slightly flattened ventrally, and arise 
from the antero-lateral corners of the head parallel to the oral surface. The oral tentacles are up to 
1.5 mm long, so the rhinophores are slightly longer than the oral tentacles. The foot is narrow with 
a well developed flange, as wide as the notum. Anteriorly it is bilabiate and notched, and has long, 
recurved propodial tentacles, up to 1 mm in length. The long, slender trailing foot is up to 1 mm 
long and pointed, without a dorsal crest. 

The genital opening is half way up the side under the anterior portion of the precardiac ceratal 
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Figure |. Living animals. A. Flabellina verta with yellow lines, Testigos, Venezuela B. Flabellina verta with white 
lines, Miami, Florida. C. Flabellina dushia, Martinique D. Flabellina dana sp. novy., St. Lucia. All photos by Jeff Hamann. 


cluster. The pleuroproctic anus is on a small cone, located just under the notal brim below the 24 
and 3" ceras of the first post-cardiac cluster, or on small specimens, below the 1st and 24 ceratal 
space. The renal opening is mid interhepatic, up to | mm anterior to the anus. 

DIGESTIVE SYSTEM.— The oval buccal mass has a small, white, muscular lip disk with a 
smooth cuticle surrounded by large ramified lateral oral glands that extend on each side of the ante- 
rior digestive gland ducts. Solitary pedal glands are found internally along the front edge of the foot. 
The elongate, triangular jaws are pale yellow and thin. They have a small dorsal flange for muscle 
attachment and the moderately long masticatory margin bears up to four rows of pointed denticles 
with over forty in the outermost row (Fig. 3A). The radula has up to 27 rows of teeth and the for- 
mula 21—27(1.1.1) (Figs 2A, 3E). The central tooth has a narrow, slightly depressed, central cusp 
slightly longer than the 5—9 denticles on each side. The large lateral teeth are wide, sickle shaped, 
with a slightly incised, broad base, projecting more on the lateral edge and 5—9 long denticles 
extending from ‘4 of the way up from the base almost to the tip. There are two flattened, ribbon- 
like salivary glands with long stalks, extending from the buccal mass underneath the anterior clus- 
ters of cerata. The stomach is elongate, smooth anteriorly, striated posteriorly. The anterior diver- 
ticula lead to one cluster of cerata on each side. The posterior diverticulum travels under the 
ovotestis sending branches up to alternate clusters on each side, the left clusters being slightly ante- 
rior to the right. The intestine curves down and up to a small anal papilla. 

REPRODUCTIVE SYSTEM.— The ovotestis is composed of large, rounded, white clusters, which 
can be seen through the notum; the large male follicle is inside, several peripheral, small round 
female follicles are attached. Ductules unite the clusters and form a hermaphroditic duct (Fig. 3D) 
which leaves the left ventral edge of the ovotestis and swells into an ampulla, loops back on itself 
once and then extends down the outside of the female gland mass until it bifurcates into an oviduct 
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FIGURE 2. SEM view of radular teeth. A. Flabellina verta (Testigos, Venezuela). Scale bar = 20 um. B. Flabellina 
dushia (Martinique). Scale bar = 10 um. C. Flabellina dana sp. nov. (St. Lucia). Scale bar = 10 um. D. Flabellina dana sp. 
nov. (St. Lucia). Scale bar = 20 Um. 


and a vas deferens. The oviduct has a long stalked, semi-serially arranged, small, cylindrical, recep- 
taculum seminis. The arrangement is androdiaulic, with the oviduct entering the female gland mass, 
which has a common passageway with the vagina to the female opening. There is a separate, long 
stalked, round, bursa copulatrix. The vas deferens is short and and thick, swelling into a large glan- 
dular, bulbous penis with a flat, discoid distal surface. The genital opening has a small knob-like 
preputum on the ventral side. 

NATURAL HISTORY.— This species appears to feed on an orange Eudendrium sp. hydroid and 
has been found between one and thirty meters depth in February, March May, July and September. 
Spawn, observed in March and July is an irregular, white serpentine string laid on hydroids. 

DISCUSSION OF FLABELLINA VERTA.— This animal is similar to the description of Flabellina 
verta (Marcus, 1970) from Cananeia, Brazil in that both have smooth rhinophores, cerata borne in 
clusters, a small notal brim, anus under the anterior end of the first right posterior ceratal cluster 
and the posterior liver duct situated under the gonads. Externally they differ in that F. verta from 
Brazil has only a small median line between the rhinophores, and opaque white spots on brown, 
knobby ceratal diverticulae. Our specimens had no opaque white spots on the cerata, which usual- 
ly have smooth bright red orange diverticulae and there are three opaque white or yellow longitu- 
dinal lines, the medial one splitting and extending out the oral tentacles, and white frosting on the 
rhinophores. Photos taken by Anne DuPont in Palm Beach, Florida (Rudman, 2000) show typical 
specimens with three white lines and red cerata mixed in with specimens with white spotted red- 
dish brown cerata and thicker white lines on the dorsum and head that clearly form a triangle and 
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enough white on the rhinophores 
to look like lateral bands. Except 
for the presence of lateral and 
mid-dorsal white lines not men- 
tioned in the original description, 
these animals fit the description 
by Marcus (1970) of F verta 
from Brazil. The radulae of the 
animals examined, all of which 
lacked white ceratal spots and 
had three long, narrow white or 
yellow lines, are similar in shape 
to the Brazilian ones, although F 
verta was described with fewer 
rows 15 vs. 21—27 and fewer den- 
ticles on both the central and lat- 
eral teeth, even though the speci- 
men was in the same size range 
(7.5 mm vs 5-10 mm). The re- 
productive system of all speci- 
mens has a bulbiform penis and 
short, thick vas deferens. We 
found a long, stalked receptacu- 
lum seminis on the oviduct, not 
observed by Marcus in the origi- 
nal description. Despite these dif- 
ferences in color and parts of the 
reproductive system, we believe 
that we are dealing with the same 
species because of the fundamen- 
tal structural differences and the 
unusual granular and bulbous 
penial structure. A similar penial 
structure is found in the north- 
eastern Pacific Flabellina trilin- 


@ 


C 


Ficure 3. Flabellina verta (Sarasota, Florida). A. Right lateral view 
showing position of ceratal insertions. Key: a, anus; n, nephroproct; g, genital 
apertures. B. Ventral view of head and foot. Scale bar = 1 mm. C. One jaw 
plate, scale bar = 200 um and masticatory margin enlarged to show denticles, 
scale bar = 10 um. D. Reproductive system drawn using a camera lucida. Scale 
bar = 0.5 mm. Key: bc, bursa copulatrix; fgm, female gland mass; ha, hermaph- 
roditic ampulla; hd, hermaphroditic duct; 0, oviduct; p, penis; rs, receptaculum 
seminis; vd, vas deferens. E. One row of radular teeth. Scale bar =25 um. 


eata (O’ Donoghue, 1921) This latter species also has similar coloration to F: verta including three 
white lines. It can be readily distinguished by the presence of annulate rather than smooth 
rhinophores. The only other described Flabellina species with smooth rhinophores from the 
Caribbean or tropical western Atlantic is F: dushia, redescribed in this paper. Flabellina verta can 
be distinguished externally from F: dushia because F. dushia has longer oral tentacles than 
rhinophores, more distinct clusters of shorter cerata in tight arches, a wider body and broad bands 
of opaque white on the notum, sides, head and distal portions of the rhinophores and oral tentacles. 
Internally the lateral teeth of F: dushia are more acute, the receptaculum is shorter stalked and larg- 
er and it has a conical penis with a pointed tip. 
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Flabellina dushia (Marcus and Marcus, 1963) 
Figures 1C, 2B, 4. 


Coryphella dushia Marcus and Marcus, 1963:41—42, figs. 52-54. 
Flabellina sp. B Redfern (2001) 

Flabellina dushia Ortea, J., M. Caballer, and L. Moro (2004) 
Flabellina dushia Rudman, W. B. (2005) 

Flabellina dushia Valdés et al. (2006) 


MATERIAL EXAMINED.— VOUCHER SPECIMEN: California Academy of Sciences CASIZ 110805, 1 spec- 
imen, 5.5 mm long. Collected by J. Hamann on 13 July 1987, at Martinique, Windward Islands, Lesser 
Antilles, live length 15 mm, depth 20 m on sand and rubble. OTHER MATERIAL: One additional specimen, dis- 
sected, found with the voucher specimen. Two specimens, collected June 29, 1995, live lengths 4.5 and 4 mm, 
by Colin Redfern, 3m depth on floating Sargassum between Fish Cays and Treasure Cay, Abaco, Bahamas. 
Two specimens, live lengths 6 and 4 mm, collected June 28, 1996 by Colin Redfern, 2—3 m depth on floating 
Sargassum off Chub Rocks, Abaco, Bahamas. Three specimens, live lengths 6.5, 6 and 3.5 mm (one dissect- 
ed), collected August 8, 1998 by Colin Redfern, 1 m depth on floating Sargassum off Chub Rocks, Abaco, 
Bahamas. Photo, 3 m on sand, West Palm Beach, Florida, photographed March 19, 2000 by Anne DuPont. 

DISTRIBUTION.— This species was found in Florida, Curacao, Jamaica, Abaco in the Bahamas 
and Martinique in the Caribbean and the Canary Islands and Cabo Verde Islands in the eastern 
Atlantic. 

EXTERNAL MORPHOLOGY.— The body is elongate and slender with a long, slim trailing poste- 
rior foot.(Fig. 1C). Live length is up to 15 mm but preserved animals over 4 mm in length had 
mature gonads. The height exceeds the width. There is a well-developed, continuous notal brim 
along the sides of the body that is expanded at the cerata clusters. The smooth rhinophores are up 
to 1.5 mm long and taper to an acute tip. The ground color is translucent grayish white with opaque 
white covering most of the dorsum, sides and head except for the bases of the tentacles and 
rhinophores, behind the eyes and bases of the cerata. Near the ceratal clusters the white pigment 
narrows, sometimes disappearing dorsally, between the clusters. The rhinophores and oral tentacles 
are frosted with opaque white on the distal two thirds. 

The elongate, cylindrical cerata usually have yellow or pale orange cores that darken to orange, 
then form a dark orange-red ring below the elongate white cnidosacs. The cerata tips have elongate 
points. The single anterior cluster of cerata begins a short distance behind the rhinophores and con- 
tains three to five rows of cerata (Fig. 4A). There are four (3-6) post-cardiac clusters per side. The 
first post-cardiac cluster has a total of 5—11 cerata, the second cluster is a horseshoe with 6 cerata, 
the third a horseshoe of 4 and the last two clusters have 2—3 cerata each. The cerata are up to 1.7 
mm long with wide, smooth cores and large, elongate cnidosacs. 

The head (Fig. 4B) is small and rounded with a terminal, triangular mouth. The oral tentacles 
are long, rounded, strong and end in an acute tip. They are up to 2 mm long, slightly longer than 
the rhinophores. The anterior foot is bilabiate and notched. There are well developed propodial ten- 
tacles, 0.4 mm long. The foot is narrow with a small flange. The flat trailing portion is 1 mm long 
and narrow, tapering to an acute tip. 

The genital opening is below the anterior portion of the first cerata cluster. The pleuroproctic 
anus is just below the notal brim, posterior in the interhepatic space. The renal opening is mid-inter- 
hepatic, a short distance ahead of the anus. 

DIGESTIVE SYSTEM.— The buccal mass is short and rounded. There are ramified dorsal oral 
glands filling the area under the anterior hepatic diverticulae. The light yellow jaws are oval with a 
slight dorsal flange and a wide masticatory margin bearing up to 5 rows of denticles (Fig. 4C). 
Twenty-eight small rounded denticles are on the outermost row. The radula has 27 rows with the 
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formula 27(1.1.1). The rachidian 
teeth (Figs. 2B, 4E), are moder- 
ately wide with an articulation 
area near the base. There are 5-6 
denticles on each side of a mod- 
erately long, slightly depressed, 
central cusp. The lateral teeth are 
triangular with a concave base 
and a straight or slightly concave 
inner side. The lateral edge of the 
base is a little longer than the 
inside edge. The median edge of 
each tooth is denticulate in the 
middle one third or slightly more, 
with a long, slender tip. There are 
8—9 fine denticulations. The sali- 
vary glands are strap shaped, 
located medial to the oral glands 
and ending at the pericardium. 
The stomach is elongate oval, the 
anterior hepatic diverticula 
extend to one pre-hepatic cluster 
on each side. Posteriorly, the 
intestine has a slight loop down 
and then curves up, ending in a 
small cone at the anus. The poste- 


rior hepatic diverticulum is ven- 

tral to the ovotestis. Ficure 4. Flabellina dushia (Martinique). A. Right lateral view showing 

REPRODUCTIVE SYSTEM.— position of ceratal insertions. Key: a, anus; n, nephroproct; g, genital apertures. 

: i B. Ventral view of head and foot. Scale bar = 1 mm. C. One jaw plate, scale bar 

The ovotestis consists of clusters 200 um and masticatory margin enlarged to show denticles, scale bar = 10 

with several large female follicles um. D. Reproductive system drawn using a camera lucida. Scale bar = 0.5 mm. 

peripheral to each smaller. central Key: be. bursa copulatrix; fgm, female gland mass; ha, hermaphroditic ampul- 

la; hd, hermaphroditic duct; 0, oviduct; p. penis; rs, receptaculum seminis; vd, 
vas deferens. E. One row of radula teeth. Scale bar = 25 um. 


male follicle. Small ducts unite 
the clusters and join to form the 
hermaphroditic duct. The hermaphroditic duct (Fig. 4D) expands into a curved, C-shaped ampulla 
that extends down the outer surface of the female gland mass. It narrows and divides into an oviduct 
and vas deferens. The vas deferens is short and prostatic, still wide where it enters the penial bulb. 
The penis is muscular and conical with an unarmed tip. The oviduct has a large, round, short-stalked 
receptaculum seminis arranged semi-serially. The oviduct then enters the albumen gland. There is 
no separate vagina; the arrangement is diaulic. There is a separate, long stalked, rounded, bursa cop- 
ulatrix located between the ampulla and the receptaculum seminis. 

NATURAL HISTORY.— This species has been found on Thallassia, Sargassum and hydrozoans 
at depths of from | to 20 m. during the months of February, March, April, June, July and August. 

DISCUSSION OF FLABELLINA DUSHIA.— This species has smooth rhinophores and a continuous 
notal brim as does F. verta. It differs in external coloration, radula shape and in the reproductive 
system. (see discussion of F. verta). Flabellina dushia was reported from the Canary Islands and 
Cabo Verde Islands by Ortea, Caballer and Moro (2004) and they indicated that their animal was 
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the same as animals photographed from the Caribbean. On the basis of radula, color, thin trailing 
portion of the foot, and ceratal distribution, they united the eastern Atlantic specimens with F. 
dushia from Curacao. The original description of Flabellina dushia by Marcus and Marcus (1963) 
did not describe the reproductive system, but the genital openings are far forward under the first 
cluster and the anus is low and posterior in the interhepatic space as in the present material. Ortea, 
Caballer, and Moro illustrated a slightly different pattern. In both descriptions, animals have a sim- 
ilar radula, although the lateral teeth are larger and more incised at their bases and bear fewer den- 
ticles in the original description. Other differences are that Flabellina dushia in the original descrip- 
tion, lacks notal brims, has longer rhinophores than oral tentacles, and there are no white patches 
on the notum although the animal is described as white. Ortea, Caballer and Moro (2004) have 
specimens from the eastern Atlantic that appear to lack a notal brim, their rhinophores are equal to 
the oral tentacles in length and the colour is translucent white with white patches. All of the animals 
we examined had a notal brim and large white patches. Since the descriptions agree on major points, 
our redescription has been made to fill in and clarify information on this species as found in the 
Caribbean area. 


Flabellina dana Millen and Hamann, sp. nov. 
Figures 1D, 2C—D, 5. 


Flabellina sp. A Redfern (2001) 
Flabellina sp. 3 Valdés et al. (2006) 


ETYMOLOGY.— This species is named for Jeff Hamann’s daughter Dana, using a noun in appo- 
sition. 

MATERIAL EXAMINED.— Ho oype: California Academy of Sciences CASIZ 110795, collected by J. 
Hamann on 23 July 1987 at Pigeon Is., St. Lucia Island, Windward Islands, Caribbean Sea, on sand and rub- 
ble at a depth of 20 m. OTHER MATERIAL: One specimen collected with the type (dissected). Two specimens 
(one dissected), live length 12 and 2.5 mm, collected by Colin Redfern, June 30, 1995, on Sargassum attached 
to substrate in 0.6m. Guana Cay, Abaco, Bahamas. One specimen, live length 8 mm, collected by Colin 
Redfern, August 8, 1998, on Sargassum attached to substrate in 0.6 m. Guana Cay, Abaco, Bahamas. 

DISTRIBUTION.— This species has been found only near the Caribbean island of St. Lucia and 
Abaco in the Bahamas. 

EXTERNAL MORPHOLOGY.— This aeolid is extremely slender with an elongate trailing posteri- 
or foot (Fig. 1D). The largest living specimen was 12 mm long. The height is greater than the width, 
the type specimen measures 5.5 x 0.7 x 1 mm (1 x w xh). There is a notal brim on each side, wide 
at the cerata and almost imperceptible in-between cerata clusters. The rhinophores are annulate with 
9-10 complete rings and a pointed tip. The rhinophores are slightly longer than the oral tentacles 
(S211 mm): 

The ground color is translucent white or pinkish white, with opaque white on the head and con- 
tinuing as a wide opaque white stripe down the center of the back that enlarges between the ceratal 
clusters. The clavus of the rhinophores is opaque white or pinkish white, or yellowish, the bases 
hyaline. The oral tentacles are opaque white and the white meets up with the white on the head and 
mid-dorsal white line that continues down the elongate, 1.4 mm trailing posterior foot. The sides 
are entirely opaque white from under the notal brim to the foot. The cerata are up to 1.6 mm long 
and are bright red or reddish-orange and may darken before the elongate, white cnidosacs. The cer- 
ata are in clusters on an expanded area of the notal brim (Fig. 5A). The single pre-cardiac cluster 
has four rows of 3—5 cerata each with 8-10 cerata. The first post cardiac cluster has 5—8 cerata, the 
next three pairs have 3-6 each. The last three post cardiac cerata clusters are well spaced and all 
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arranged in a single horseshoe 
shape. 

The head (Fig. 5B) is oval, 
as wide as the foot. The mouth is 
vertical and sub-terminal. The 
tentacles arise slightly dorsal to 
the oral surface and are flat near 
the head. They are quite long and 
thin, tapering to a slender point. 
The foot is bilabiate and notched 
with long propodial tentacles, 
their length being one half the 
width of the foot. The posterior 
end is long, narrow, and tapers to S 
a blunt point. = 

The genital aperture is situat- 
ed under the anterior one half of C 
the pre-cardiac cluster. The pleu- 
roproctic anus is posterior in the 
inter-hepatic space and the renal 
opening is in front of it, in the 
middle of the inter-hepatic space. 

DIGESTIVE SYSTEM.— The 
mouth has solitary buccal glands 
on either side of the smooth lip 
disk. There are short, highly ram- E 
ified white oral glands located in 


the head region, not extending Figure 5. Flabellina dana sp. nov. (St. Lucia). A. Right lateral: view 
posterior to the rhinophores. The Showing position of ceratal insertions. Key: a, anus; n, nephroproct; g, genital 
apertures. B. Ventral view of head and foot. Scale bar = 1 mm. C. One jaw 
: pas ; plate, scale bar = 200 um and masticatory margin enlarged to show denticles, 
in shape (Fig. 5C) with a well ; : 

Pp oS: ) Wwe scale bar = 10 um. D. Reproductive system drawn using a camera lucida. Scale 
developed masticatory margin bar = 0.5 mm. Key: be, bursa copulatrix; fgm, female gland mass; ha, her- 
containing up to 8 rows of denti- maphroditic ampulla; hd, hermaphroditic duct; 0, oviduct; p, penis; rs, recep- 
taculum seminis; vd, vas deferens. E. One row of radular teeth. Scale bar =25 


um. 


jaws are bright yellow and round 


cles with thirty seven denticles in 
the outermost row. The radular 
sac protrudes from the buccal mass. It has the formula 19-21(1.1.1) (Figs. 2C—D, 5E). The central 
teeth are moderately wide with a short, slightly depressed, central cusp and 5—9 well developed den- 
ticles on each side. The lateral teeth are broad triangles with a slightly curved base and a slightly 
longer lateral edge. There are 6—9 well developed denticles on the upper two thirds of the medial 
side and a short tip distal to the denticles. 

The salivary glands are broad and long, located on the right above the reproductive system and 
on the left in the anterior one half of the first cerata cluster, ending before the cardiac region. The 
short esophagus leads into an elongate oval stomach. There is one anterior hepatic diverticulum on 
each side leading to a single cerata cluster on each side. The intestine loops down on the right then 
up to an anal cone just under the notal brim. The posterior hepatic diverticulum runs centrally 
between clusters of the ovotestis, with branches upwards to the cerata clusters. 

REPRODUCTIVE SYSTEM.— The ovotestis has peripheral clusters of large female follicles 


934 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Fourth Series, Volume 57, No. 30 


around each central male follicle. Small interconnecting collecting ducts unite to form the hermaph- 
roditic duct. The hermaphroditic duct (Fig. 5D) leads into a sausage-shaped ampulla with one curve, 
which then descends down the female gland mass. It subdivides into an oviduct that bears a small, 
short stalked, semi-serially arranged, receptaculum seminis mid way along its length before it enters 
the female gland mass at the albumen gland. There is a long-stalked, rounded bursa copulatrix 
opening separately at the base of the female gland mass. The prostatic vas deferens is short and 
almost immediately enters a large penial sac. The bulbous penis is unarmed, tapering to a small, 
smooth, rounded tip with a central opening. 

NATURAL HISTORY.— This species has been found on Sargassum near the surface and on sand 
and rubble to a depth of 20 m during June, July, and August. 

DISCUSSION OF FLABELLINA DANA.— None of the Flabellina species known from the tropical 
western Atlantic have annulate rhinophores. The general discussion will compare Flabellina dana 
with all other known species worldwide that have annulate rhinophores and discuss the position of 
Flabellina dana compared with other Western Atlantic tropical species. 


DISCUSSION 


Annulate, or ringed rhinophores can be distinguished from perfoliate ones, in that the latter 
have many thin leaves that slope from an anterior longitudinal rib and meet at a small posterior rib. 
Annulate rhinophores have thick, parallel rings that do not have an anterior or posterior rib, 
although some rings may be incomplete. All seven of the described annulate species can be clearly 
distinguished from Flabellina dana. Several species with annulate rhinophores have compound 
peduncles (F: affinis [Gmelin, 1971], F funeka Gosliner and Griffiths, 1981, F) ischitana Hirano and 
Thompson, 1990) or simple peduncles (F. pricei [MacFarland, 1966], F) alternata). All of these 
species, except F. pricei can also be distinguished by their mauve body coloration. Two species, F: 
trilineata and F: triophina (fusca) (Bergh, 1894) do not have peduncles. Flabellina triophina can be 
distinguished by the presence of continuous cerata on the notal brim and very weak annulations that 
may not be true annulations as they are fine and irregular. Flabellina trilineata is the closest species 
to F. dana. Its smaller notal brim is discontinuous, and the clustered cerata are in rows, not horse- 
shoes, the penis is glandular with a flat disk (not tapering) and there is a small projecting preputum, 
absent in F. dana. Living Flabellina trilineata can also be distinguished by the presence of three 
narrow longitudinal white lines while wide bands of white pigment covers most of the body in F. 
dana. 

A cladogram of most of the described species in the genus Flabellina was produced by 
Gosliner and Kuzirian (1990). In a subsequent paper, Gosliner and Willan (1991) presented a cladis- 
tic analysis of the two clades containing the most highly derived taxa, those with elevated cerata on 
peduncles and densely annulate or perfoliate rhinophores, and those with a bilobed receptaculum 
seminis, usually having papillate rhinophores. Of the species known from the tropical western 
Atlantic, Flabellina engeli belongs to the former clade and F} marcusorum and F: hamanni to the 
latter. These clades have apomorphies that show they are well separated from each other and sey- 
eral synapomorphies that separate them from the rest of the tropical western Atlantic Flabellinidae. 

None of the Flabellina species found in tropical western Atlantic waters are basal within the 
context of the trees presented. Basal Flabellina species appear to be restricted to colder waters both 
in the north (F. islandica [Odhner, 1937], F: salmonacea {Couthouy, 1838] F. nobilis [Verrill, 
1880]), and in the south (F. falklandica [Eliot, 1907]). Derived characters shared by all species 
found in the tropical western Atlantic are the restriction of cerata into groups, forward position of 
the anus, presence of oral glands, small or depressed central tooth cusp, presence of long propodi- 
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al tentacles and the presence of a distinct penis. Flabellina verta appears to be the most basal of the 
tropical western Atlantic flabellinids because the anus is behind the interhepatic space and a prepu- 
tum is present on the margin of the reproductive opening. Flabellina dana and F. dushia are slight- 
ly more derived and close to each other. It is interesting to note that although elaboration of the 
rhinophores is a derived characteristic, the presence of annulate rhinophores, in contrast to perfoli- 
ate and papillate rhinophores, is scattered among groups that do not seem to be closely related. It 
appears that annulate rhinophores are found in a highly derived group, F: affinis, F. ischitana, F. 
alternata and F: funeka, which are geographically close in longitude, mauve or violet in colour and 
found in tropical and subtropical waters. There is also a moderately derived group (F. pricei, F. tri- 
lineata) from the cold temperate east Pacific. 

The tropical western Atlantic Flabellina dana appears to be allied with this moderately derived 
group, from which it has been separated by the Isthmus of Panama since the Pliocene. The most 
basal, with weakly annulate rhinophores, is the northeastern Pacific species Flabellina triophina. It 
is sympatric over part of its range with F- pricei and F: trilineata, but extends further north in the 
Pacific and across into the Russian western Pacific. This northern distribution is consistent with 
more basal members of the genus (Gosliner and Kuzirian 1990). As found with species with perfo- 
liate rhinophores by Gosliner and Willan (1991), subsequent dispersal has created sympatry that 
masks the allopatric events causing speciation. However, a possible scenario is that dispersal from 
a center of origin in the Mediterranean (Tethys Sea) spread into the Atlantic and thence across the 
Atlantic from Africa to the Caribbean on the equatorial current. From the Caribbean, species could 
spread through to the Pacific before the closing of the Panamic isthmus and thence north and south 
in the Pacific. The northernmost species, Flabellina triophina, would be considered a relict species 
from the original Tethys Sea distribution. It does not appear to have synapomorphies with other 
annulate species from the Pacific and the weak rhinophoral annulations may not be an homologous 
feature. 
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The genus Halobatrachus has been considered to be represented by a single valid 
species in the eastern tropical Atlantic Ocean, H. didactylus (Bloch and Schneider, 
1801). Discovery of a second morphotype off West Africa raised the question of 
whether a second species, H. conspicillum (Cuvier, 1829) should also be recognized. 
Halobatrachus didactylus has a small eye (5.3—7.9% SL) and wide interorbital width 
(12.2—-16.1% SL), whereas the other morphotype represented by H. conspicillum has 
a large eye (7.8—11.1% SL) and a narrow interorbital width (8.8—12.1% SL). 
Halobatrachus didactylus is the common species in Europe but is also found along the 
coast of West Africa, whereas the large-eyed form is the more common along the 
coast of West Africa, but the two overlap in distribution. The two competing hypothe- 
ses are discussed. 


The family Batrachoididae is currently represented by five species in the eastern tropical 
Atlantic Ocean (Roux 1971la, 1981, 1990): Batrachoides liberiensis (Steindachner, 1867), 
Chatrabus damaranus (Barnard, 1927), Halobatrachus didactylus (Bloch and Schneider, 1801), 
Perulibatrachus elminensis (Bleeker, 1863), and Perulibatrachus rossignoli (Roux, 1957). 

While preparing the toadfish account for the latest edition of the FAO species identification 
guide for the Eastern Tropical Atlantic at a workshop at Tenerife, Canary Islands, the first two 
authors found specimens of two distinct morphotypes in the genus Halobatrachus, one with large 
eyes and a narrow interorbital width, and the other with small eyes and a wider interorbital width. 
Halobatrachus didactylus is the name that has been used for a species that has been widely studied 
in Europe (see selected references in Discussion section), and thus, if more than one species is pres- 
ent, it would have serious implications for much of the research that has been conducted. Because 
of his long experience with Halobatrachus didactylus in Portugal, the third author has joined the 
first two to describe the differences between the two morphotypes, address the question of whether 
there are one or two species, and explore available names in case the second morphotype is a valid 
species. 


METHODS AND MATERIALS 


Counts and measurements follow Hubbs and Lagler (1964) except that the last two fin rays are 
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not counted as one unless it is clear that they are joined at the base. Measurements were made to 
the nearest 0.1 mm using dial calipers and are expressed as percentage of standard length (SL) or 
one body part stepped into another. Certain measurements were taken from photographs or illustra- 
tions. Measurements and photographs of holotypes were taken by various museum curators. 
Institutional abbreviations are as listed in Leviton et al. (1985) with the addition of COC, Centro 
Oceanografico de Canarias, Santa Cruz de Tenerife. 


MATERIAL EXAMINED 


H. didactylus, small-eyed form: 5 (165-236 mm SL): Europe: MCZ 22424-5 (2, 222-236), Spain, Cadiz; 
Don Juan Elizola, received Aug. 1863. Africa: MCZ 12787 (1, 187), Gambia, Bathurst. USNM 217413 (1, 
180), Ghana; 1961; G Bane 837. COC 1/12/7 B (1, 165), West Africa. 

H. didactylus, large-eyed form: 12 (82.1-229 mm SL) from West Africa: USNM 205060 (1, 229), Sierra 
Leone, 7-53N/12-58W; La Rafale; Nov. 19, 1963, BB Collette 916. USNM 205062 (1, 134), Sierra Leone, 7- 
18-30N/12-41W; Nov. 15, 1963, BB Collette 898. USNM 205063 (1, 153), Sierra Leone, 7-17-30N/12-41- 
30W; Nov. 15, 1963, BB Collette 899. USNM 205064 (1, 105), Liberia, 6-41N/11-23W; Nov. 11, 1963, BB 
Collette 881. USNM 205065 (1, 161), Liberia, 6-40N/11-23 W; Nov. 11, 1963; BB Collette 882. UF 216983 
(orig. UMML 16893) (2, 82.1-91.5), Ivory Coast, 5-O5N/4-59W, Pillsbury 48. UF 216854 (orig. UMML 
16854) (4, 82.7-99.4), Ghana, 4-40N/2-00W; Pillsbury 28. COC 1/12/8 MR (1, 150), West Africa. 


We have examined photographs of the type specimens or figures in the original publications of 
all the nominal species involved: 


Batrachus didactylus Bloch & Schneider 1801:42. Holotype ZMB 817. Guinea, listed by Paepke 1999:50. 
Photographs by P. Bartsch. 

Batrachus tau not of Linnaeus 1758, Bloch & Schneider 1801, ZMB 2252, listed by Paepke 1999:51. 
Photographs by P. Bartsch. 

Batrachus conspicillum Cuvier 1829:253. Based on Batrachus tau Bloch & Schneider 1801, ZMB 2252, list- 
ed by Paepke 1999:51. Preoccupied by Gadus tau Linnaeus 1758 = Opsanus tau Linnaeus. Photographs by 
P. Bartsch. 

Batrachus punctatus Agassiz in Spix & Agassiz 1831:133, plate 74. Atlantic Ocean “off Brazil”. Name given 
as “Batrachus punctatus Cuy. In litt.” in text but as Batrachus punctulatus on the plate. 

Batrachus borealis Nilsson 1832:99. Kattegat, near the fisherman’s village Mélle, Norway. Holotype ZMUL, 
photographs by S. Kullander. 

Batrachus barbatus Valenciennes in Cuvier & Valenciennes 1837:498. A replacement name for Batrachus 
didactylus Bloch & Schneider, therefore based on the same type specimen. 

Batrachus algeriensis Guichenot 1850:81, name on drawing only, plate 5. 

Batrachus planifrons Guichenot 1850:81—82, plate 5. Mediterranean Sea at Oran, Algeria. 

Batrachus guentheri Bleeker 1863:101. Elmina, Guinea. Lectotype RMNH 2114. Photograph in Boeseman 
1963: plate 6, fig. 1. 


RESULTS 


All the specimens of Halobatrachus that we examined are very similar in most respects, hav- 
ing the same fin-ray and vertebral counts: D HI, 20-21; A 15-17, usually 16; P 2425; vertebrae 11 
+ 19 = 30. They all have two opercular and one subopercular spines. There are no differences in 
head length (Costa 2004) but there appear to be two poorly defined groups based on eye diameter 
and interorbital width (Figs. 1-2). The many specimens examined by Costa (2004) from Portugal 
have relatively small eyes and a wide interorbital width but specimens from West Africa previous- 
ly reported in the literature and most of our specimens have larger eyes and a narrower interorbital 
width. The proportions that we find are eye size 5.3-7.9% SL, 5.1—8.0 times in head length and 
interorbital distance 12.2-16.1% SL in the small-eyed form of H. didactylus compared to eye size 
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Co = : 
7.8—-11.1% SL, 3.6—5.1 times in WH. didactylus holotype @ Iberian Peninsula small-eyed | Morocco-Guinea small-eyed 
head len oth and interorbital 4 Sierra Leone-Ghana small-eyed 4 Sierra Leone-Ghana large-eyed D H. conspicilum holotype 


width 8.8—12.1% SL in the large- 
eyed form (Table 1). 
RANGE.—The | small-eyed 
Halobatrachus didactylus (Fig. 
3) is the northernmost of the two SIC I rs oie 
OEMS ee recorded from ‘the 
Kattegat (Nilsson 1832), through 
the Iberian Peninsula (Costa et al. 
2003) to northern Africa, south to 
Morocco, Mauritania, Gambia, 
Sierra Leone, and Ghana. The 
large-eyed form is confined to the SL (mm) 
coast of Africa with definite FIGURE 1. Orbit diameter (OD) plotted against standard length (SL) for 
records from Sierra Leone,  small-eyed and large-eyed Halobatrachus didactylus. 
Liberia, and Ghana where it 
overlaps with the small-eyed H. WH. didactylus holotype @ Iberian Peninsula small-eyed — @ Morocco-Guinea small-eyed 


4 Sierra Leone-Ghana small-eyed A Sierra Leone-Ghana large-eyed 0 H. conspicillum holotype 


A Ae 2 O4 
ease em ae 


didactylus. 
50 ; 
DISCUSSION a a 

Roux (1971a) listed seven yer... i 
synonyms of H. didactylus: H. E305 oy re 
conspicillum (Cuvier, 1829), H. = . 2a Cine 
punctatus (Agassiz, 1831), H. 2 2°] we tte i Mi 
borealis (Nilsson, 1832), H. bar- een a 
batus (Valenciennes, 1837), H. te i pie Be = 
algeriensis (Guichenot, 1850), ie me . 
H. planifrons (Guichenot, 1850), 0 50 100 150 200 250 300 
and H. guentheri (Bleeker, SL (mm) 
1863). Peter Bartsch kindly Ficure 2. Interorbital width (IOW) plotted against standard length (SL) for 


measured the holotype of H. — small-eyed and large-eyed Halobatrachus didactylus. 

didactylus for us and found that it 

has a relatively small eye (orbit into head 7.6—7.9) and a wide interorbital width (orbit into interor- 
bital width 3.1) (Fig.4). The types of all the other synonyms except H. conspicillum also had a small 
eye and wide interorbital width, confirming their status as junior synonyms of H. didactylus. Peter 
Bartsch also assisted us by measuring the holotype of H. conspicillum and found that it had a larg- 
er eye (orbit into head 3.6) and a narrow interorbital width (orbit into interorbital width 0.97) (Fig. 
5). If the large-eyed form proves to be a distinct species, Halobatrachus conspicillum would be the 
correct name for it. 

There is a general tendency for larger Halobatrachus to have smaller eyes and a wider interor- 
bital width than smaller specimens (Table 1), so we were concerned that we might be identifying 
larger specimens (165-257 mm SL) as the small-eyed H. didactylus and smaller specimens 
(84.7-134 mm SL) as the large-eyed form. We compared a 229-mm specimen with a relatively 
small eye (8.1% SL) with slightly smaller and larger specimens (222 and 236 mm SL) which have 
larger eyes (5.5-6.3% SL). Similarly, a 165-mm SL specimen has a wider interorbital width (12.7% 
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TABLE |. Comparison of orbit diameter (ORB) and interorbital width (INT) in small-eyed (d) and 
large-eyed (c) Halobatrachus didactylus. 


Catalog number Sp. SL ORB ORB/SL INT INT/SL INT/ORB 
ZMB 817 d Di 13.7 113 41.5 16.1 3.03 
MCZ 22424 d 236 14.9 103.8 29 12.3 1.95 
USNM 205060 Cc 229 18.6 100.8 Died 12.1 1.49 
MCZ 22425 d 222 12.7 97.7 32.4 14.6 DSS) 
MCZ12787 d 187 12.6 82.3 22.9 12.2 1.82 
USNM 217413 d 180 WF 79.2 26.8 14.9 2.11 
COC 1/12/7B d 165 13 72.6 21 WF 1.62 
USNM 205065 Cc 161 16.4 70.8 16.4 10.2 1.00 
USNM 20563 Cc [535 14.5 67.3 14.6 9.5 1.01 
COC 1/12/8 MR c 150 ee 66 15 10 1.28 
USNM 205062 © 134 14.5 59 13.9 10.4 0.96 
USNM 205064 C 105 1: 46.2 122) 11.6 1.04 
UF 210854 Cc 99.4 8.9 43.7 10 10.1 el 
UF 210854 Cc 96.3 9.9 42.4 8.9 9.2 0.90 
UF 216983 c 91.5 9.3 40.3 8.9 9.7 0.96 
UF 216854 c 89.1 8.7 39.2 7.8 8.75 0.90 
UF 216854 Cc 82.7 8.6 36.4 7.9 9.5 0.92 
UF 216983 © 82.1 9 36.1 7.4 9 0.82 
ZMB 2252 c 84.7 9.3 BHES 9.3 11 1.00 


SL) than three slightly smaller specimens, 150-161 mm SL, (9.5-10.0% SL). We were still not 
completely convinced so we plotted our specimens on graphs of eye size and interorbital width vs. 
SL together with those from Costa (2004) for a large series from Portugal and scattered specimens 
from Africa (Roux 1971b), which we re-measured for this paper (Figs. 1-2). It seems from these 
figures that two forms are involved, one in Europe and both along the coast of Africa. Thus, the 
question is, do these two morphotypes represent separate species? Based on research with other 
toadfishes, we would expect to find additional differences between the two forms. It is possible that 
the differences in interorbital width and eye size result from plasticity and consequent morpholog- 
ical variability, which is evident for this species on the Portuguese coast (Costa et al. 2003). Deeper- 
dwelling fishes tend to have larger eyes (Rosenblatt 1963), and Halobatrachus in northern areas 
(Arias 1976; Jager 1993; Costa and Costa 2002; Costa 2004) tend to live in shallower waters than 
in southern areas (Roux 1971b; Diouf 1996) where the large-eyed form seems to be confined. 

Most of the illustrations in the literature, and photographs on the web appear to be of the small- 
eyed form, H. didactylus, and not of the large-eyed form. It is fortunate that H. didactylus appears 
to be the common, and probably the only form in Europe, because it is the only eastern Atlantic 
toadfish for which there is much biological data, on diet (e.g., Cardenas 1977; Costa et al. 2000), 
reproductive biology (e.g., Palazon-Fernandez et al. 2001; Modesto 2003), parasitism (e.g., 
Marques et al. 2005a), sound production (Santos et al. 2000), and morphological variation (e.g., 
Costa et al. 2003; Marques et al. 2005b). 

We are unable to come to a firm conclusion at this point so we present our combined data and 
information on the types of nominal species of Halobatrachus so that subsequent investigators with 
access to additional material from West Africa will have this information available. We suggest that 
it would be desirable to utilize molecular characters to attempt to solve this problem but we have 
not been able to obtain the necessary material from West Africa. 
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FicureE 3. Drawing of Halobatrachus didactylus. Drawn by Manuela D’ Antoni. Copyright FAO, all rights reserved, used 
with permisssion of FAO. 


ZMB.2252 * Gadus tau Bloch, 1783 
Ficure 5. Holotype of Halobatrachus conspicillum (ZMB 2252). Photograph by Peter Bartsch. 
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The Western Atlantic toadfish species previously known as Triathalassothia gloveren- 
sis Greenfield and Greenfield is compared to the other two species in Triathalassothia 
and then placed in the new genus Vladichthys. The northern Indian Ocean species 
described by Valenciennes as Batrachus dussumieri has in the past been placed in the 
South African genus Austrobatrachus Smith; however, this species is shown not to 
belong to that genus, and the new genus Colletteichthys is described for it. 


While conducting systematic studies of the Batrachoididae over the years, it has become evi- 
dent that two described species do not share the diagnostic combination of characters of any of the 
described genera. The first species for which this became evident is the miniature Western Atlantic 
Glovers Reef toadfish, Triathalassothia gloverensis Greenfield and Greenfield, 1973. While exam- 
ining head musculature of toadfishes, the late Vladimir Walters (unpublished) discovered that the 
pattern of muscles on the dorsocranium was different in Triathalassothia argentinus (Berg, 1897) 
and T. gloverensis. The epaxial trunk musculature extends forward to entirely cover the dorsocrani- 
um in 7: argentinus (Fig. 1B), whereas in T. gloverensis, it does not, leaving an area of bone exposed 
under the skin in the center portion of the dorsocranium posterior to the orbits (Fig. !A). Greenfield 
et al. 1994, and Collette 1995 have placed quotation marks around Triathalassothia for T: gloveren- 
sis, indicating that they questioned its generic placement. Menezes and Figueiredo (1998) described 
Triathalassothia lambaloti from Brazil, noting that it shared the head musculature pattern with 7: 
argentinus, but not T: gloverensis, and thus excluded it from comparison with their new species. A 
further comparison between 7: gloverensis and the other two species currently in the genus is made, 
and a new genus, Vladichthys, is described here for gloverensis. 

Valenciennes, in Cuvier and Valenciennes (1837) described Batrachus dussumieri from 
Malabar, India. The genus Batrachus was first used by Klein (1776), but it was published in a work 
that does not conform to the principle of binominal nomenclature (Eschmeyer 1998). Prior to that, 
Schaeffer (1760) used the name Batrachus, but that publication is on the Official List of rejected 
works. Walbaum (1792) reprinted in a condensed form the genera of Klein, but did not accept them, 
and the International Commission on Zoological Nomenclature has ruled that reprinted names sub- 
sequent to 1757 are not available. Bloch and Schneider (1801) then used Batrachus for B. surina- 
mensis, but this is a synonym of Batrachoides Lacepéde, 1800 (Collette and Russo 1981). 
Batrachus Rafinesque (1814) is a synonym of the amphibian genus Bufo Laurenti (1768). Thus, the 
genus Batrachus is not available for dussumieri. Smith (1949) described the genus Austrobatrachus 
for the South African species Pseudobatrachus foedus Smith, 1947. Menon (1963) then utilized 
Smith’s genus for B. dussumieri, and since that time, with the exception of Nagabhushanam and 
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Rama Rao (1970) who used Halophyrne, the species has been referred to as A. dussumieri 
(Hutchins 1981, 1984; Randall 1995; Carpenter et al. 1997). Hutchins (1981) did comment howev- 
er, that none of the described toadfish genera were suitable for dussumieri, but stated “However, I 
prefer to tentatively follow Menon (1963) and place dussumieri in the genus Austrobatrachus.” In 
comparing dussumieri with Austrobatrachus foedus, it became obvious that there were a number of 
differences between the two species that have been used at the generic level within the family 
Batrachoididae. Thus, the genus Colletteichthys is described here for the species dussumieri. 


METHODS 


All counts and measurements follow Hubbs and Lagler (1964) except that the last two fin rays 
are not counted as one unless it is clear that they are joined at the base. The cleared and stained 
specimen of Triathalassothia argentinus (USNM 214438) became partially disarticulated, so to 
confirm the absence of an ossified upper pectoral-fin radial, a radiograph was taken of a second 
specimen (USNM 86687), Figs. 4A—B. Institutional abbreviations are as listed in Leviton et al. 
(1985). Nomenclatural information on genera from Eschmeyer (1998). 


GENERIC DESCRIPTIONS 


Vladichthys Greenfield, gen. nov. 


TYPE SPECIES: Triathalassothia gloverensis Greenfield and Greenfield, 1973. 


DIAGNOsIs.— A toadfish of A 
the subfamily Batrachoidinae 


with: epaxial trunk musculature f ‘a vical LB 

not extending forward to cover fy) XM \ 

the entire dorsocranium behind 7» ii ear R 

orbits, bone exposed under skin fl, “Nn DE 

on central portion of dorsocrani- Yin « NX 

um posterior to orbits (Fig. 1[A.);  -~ TA N\\\\\. \ 

frontal bones solid, lacking fora- f Y ANT N rec 
men on each side; one spine on “ a % ear ar: 
subopercle; head and body with- Ree ese oe 


out scales; no axillary foramen or FIGURE |. Extent of epaxial trunk musculature coverage of dorsocranium: 
pit; ventral margin of distal end A. Viadichthys gloverensis FMNH 91036. B. Triathalassothia argentinus 
of maxilla hooked anteriorly and USNM 86687. 

lacking a maxillary flap (Fig. 

2A); pectoral fin with distinct 

glands between rays; gill opening A i B 

below lower pectoral-fin base; b) c 

two orbital cirri, anterior with ge <3 Wa) AeA 

three fringes, posterior with six Saceeem E2 ele aa 
fringes; all five pectoral-fin radi- a 
als fully ossified; dorsal-fin ele- yee Sy aan ee 
ments I[[-20-21; anal-fin rays ego See es 


15-17; pectoral-fin rays 18-20: ae ‘¥ 


vertebrae 27. FIGURE 2. Premaxilla (above) and maxilla (below): A. Viadichthys glov- 
DESCRIPTION.— Three solid  erensis FMNH 105005. B. Triathalassothia argentinus USNM 214438. 
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FiGuRE 3. Pectoral radials of Vladichthys gloverensis 
FMNH 105005. 


B 


dorsal-fin spines without venom glands; three 
solid opercular and one subopercular spines, one 
subopercular filament; epaxial trunk musculature 
not extending forward to cover the entire dor- 
socranium behind orbits, bone exposed under skin 
on central portion of dorsocranium posterior to 
orbits (Fig. 1A): frontal bones solid, lacking fora- 
men on each side; upper accessory pectoral-fin 
radial totally ossified; three lateral lines present, 
the upper with 15 or 16 pores, the middle with 5 
to 7 pores and the lower with 13 to 19 pores, Ficure 4. Pectoral radials of Triathalassothia argenti- 
each pore with one or two (usually two) dermal 5: A. Cleared and stained USNM 214438. B. Radiograph 
flaps: no photophores; no scales; no axillary CS OCeE 

foramen or “venetian blind” gland in pectoral-fin axil; pectoral fin with distinct glands between 
rays; two orbital cirri, anterior with three fringes, posterior with six fringes; two rows of teeth in 
anterior portion of lower jaw, pointed; sides of lower jaw with a single row of teeth, with broad 
bases and slightly pointed tips; upper jaw with two rows of pointed teeth, larger anteriorly; vomer 
with a single row of pointed teeth; palatine with a single row of teeth similar to those in sides of 
lower jaw; dorsal-fin elements II[-20-21; anal-fin rays 15—17; pectoral-fin rays 18-20; vertebrae 27. 

ETYMOLOGyY.— Named for the late Vladimir Walters, known by his colleagues as Vlad, who 
studied toadfishes for many years and first discovered that the head musculature of this genus dif- 
fers from that in Triathalassothia. Gender is masculine. 

COMPARISONS.— Besides differing from T: argentinus and T. lambaloti in head musculature, 
Vladichthys also differs from both species in having more dorsal-fin rays (20-21 versus 14-17); 
more anal-fin rays (15—17 versus 11—13); fewer upper lateral-line pores (15-16 versus 25-31); and 
fewer lower lateral-line pores (13-19 versus 23-31). Vladichthys also differs from 7: argentinus in 
the following osteological characters (T. lambaloti was not available for clearing and staining): the 
ventral margin of the distal end of the maxilla is hooked anteriorly in Vladichthys, and the dorsal 
surface is expanded for attachment of the levator maxillae superioris muscle (Fig. 2A), whereas the 
end is rounded and the dorsal surface not expanded in Triathalassothia (Fig. 2B.). The upper acces- 
sory pectoral-fin radial is fully ossified with one fin ray attached to it in Vladichthys (Fig. 3), where- 
as in Triathalassothia the upper radial is cartilaginous with a tiny ossified spot at the distal end, with 
no fin rays attached (Figs. 4A—B). Naercio Menezes (personal communication) has confirmed that 
T. lambaloti also only has four fully ossified radials. The subopercle has a single filament extend- 
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ing above the spine _ in 
Vladichthys (Fig. 5A), whereas 
Triathalassothia has two (Fig. 
SS) sealhe ss pelvics bone) of 
Vladichthys lacks a hook on the 
medial surface and has a foramen 
(Fig. 6A), whereas a distinct 
hook is present in Triathalas- 
sothia, and the foramen is absent 
(Fig. 6B). The general shape of 
the neurocranium also differs 
between the two, being narrower 
and more elongate in Vladichthys 
(Fig. 7B). Vladichthys has a 
medial suture between the cerato- ——<—= 


hyal and epihyal, whereas in Figure 5. Operculum (above) and suboperculum (below): A. Vladichthys 
Triathalassothia that suture is  9/everensis FMNH 105005. B. Triathalassothia argentinus USNM 214438. 


missing. The only other toadfish 
genera lacking this suture are two South African gen- 
era. 

Vladichthys is a member of the subfamily 
Batrachoidinae because it has three solid dorsal-fin 
spines, one subopercular spine, and no canine-like 
teeth or photophores. It differs from all other batra- 
choidin genera except Sanopus, Amphichthys and 
some Halophyrne species because the epaxial trunk 
musculature does not extend onto and cover the entire 
dorsocranium. Vladichthys’ maxilla differs from all 
other batrachoidin genera because the ventral margin FIGURE’ 6. Ventral view olen penicinonea™ 
of the distal end is hooked anteriorly (Fig. 2A). Vladichthys gloverensis FMNH_~ 105005. B. 
Vladichthys differs from Sanopus and Amphichthys in _ Triathalassothia argentinus USNM 214438. 
having distinct pectoral-fin glands and 20-21 dorsal- 
fin rays versus 28—29 in Amphichthys and 29-34 in Sanopus. From Amphichthys, Valdicthys difters 
by the absence of a distinctive “venetian blind” gland in the pectoral-fin axil (Breder 1925, fig. 1); 
the upper and lower lateral lines are parallel, gradually approaching the dorsal- and anal-fin bases 
caudad, whereas they are not parallel and turn to run along the fin bases in Amphichthys. From 
Sanopus it differs by the absence of a foramen near the center of the pectoral-fin axil. And lastly, 
Vladichthys differs from Halophryne in having: one rather than two subopercular spines; a single 
row of large, slightly pointed teeth, versus two to three rows of small, pointed teeth; a more point- 
ed, flattened head with the lower jaw protruding, versus a rounded head with the lower and upper 
jaws about equally terminal (Greenfield 1999, fig. 2); gill opening extending down to the ventral 
margin of the pectoral-fin base, instead of reaching down about two-thirds of the pectoral-fin base; 
and no glandular tissue versus well-developed glandular tissue on the inside of the pectoral-fin axil. 

Remarks.—The absence of a fully ossified upper accessory pectoral-fin radial in 
Triathalassothia is significant, in that it is fully ossified in all other New World genera, including 
Vladichthys. The illustration of the pectoral girdle of Batrachoides by Monod (1960), showing the 
accessory upper pectoral radial as cartilaginous, was based on the species didactylus, which is in 
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fact in the genus Halobatrachus, not 
Batrachoides. Based on Monod, both Lauder 
and Liem (1983, fig. 40) and Markle (1989:72) 
erroneously reported Batrachoides as having a 
cartilaginous accessory radial. The other genera 
with a cartilaginous upper radial all are from off 
the western coast of Africa or the Indian Ocean: 
Austrobatrachus foedus, Batrichthys apiatus, 
Halobatrachus didactylus, Perulibatrachus 
elminensis, and Riekertia ellisi. The lack of a 
medial suture between the epihyal and cerato- 
hyal in Triathalassothia also is shared only with 
South African genera. These shared characters 
conform with the geographic position of 
Triathalassothia species off the southern coast 
of eastern South America, closest to South 
Africa. 


Colletteichthys Greenfield, gen. nov. FIGURE 7. Dorsal view of neurocranium. A. Triathalas- 
sothia argentinus USNM 214438. B. Vladichthys gloverensis 


TYPE SPECIES: Batrachus dussumieri Valenciennes, FMNH 105005. 


1837 


DIAGNOsIS.— A toadfish of the subfamily Batrachoidinae with: the dorsocranium under the 
skin completely covered by epaxial trunk muscles; frontal bones solid, lacking a foramen on each 
side; one short subopercular spine, often with a small second point below; head and body without 
scales; a funnel-shaped pit at top of pectoral-fin axil, with glandular tissue inside and extending 
from ventral pit margin onto axil; no maxillary flap; lower gill opening well below lower pectoral- 
fin base: head into SL 2.4 to 2.8 times; supraorbital tentacles present above posterior half of eye; 
and all five pectoral-fin radials ossified. 

DESCRIPTION.— Three solid dorsal-fin spines without venom glands; three solid opercular and 
one short subopercular spine, often with a small second point below; two subopercular filaments; 
dorsocranium completely covered by epaxial trunk muscles; frontal bones solid, lacking foramen 
on each side; upper accessory pectoral-fin radial totally ossified; three lateral lines present, the 
upper with 43-53 pores, the middle with about six, and the lower with 26-30; no photophores; no 
scales; a funnel-shaped pit at top of pectoral-fin axil, with glandular tissue inside and extending 
from ventral pit margin onto axil; interorbital area not crossed by conspicuous skin ridges; head into 
SL 2.4 to 2.8 times; two rows of pointed teeth in anterior portion of lower jaw; sides of lower jaw 
with a single row of pointed teeth; upper jaw with three rows of pointed teeth anteriorly, two rows 
on side, grading into a single row posteriorly; vomer and palatine with a single row of pointed teeth; 
dorsal-fin elements II-19-22; anal-fin rays 15—17; pectoral-fin rays 21—24; vertebrae 27. 

ETYMOLOGyY.— This genus is named in honor of Bruce B. Collette who has contributed great- 
ly to toadfish systematics over the years. Gender is masculine. 

COMPARISONS.— Colletteichthys dussumieri differs from Austrobatrachus foedus in a number 
of features. Colletteichthys has a tentacle above the eye, whereas Austrobatrachus lacks a tentacle. 
Austrobatrachus has a long tentacle on the anterior nostril that is absent in Colletteichthys, as are 
the conspicuous skin ridges in the interorbital area found in Austrobatrachus. Austrobatrachus 1s 
more elongate, so that the head goes into SL more than three times, whereas in Colletteichthys it 
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FIGURE 8 (left). Suboperculum: A. Austrobatrachus foedus RUSI 12748. B. Colletteichthys dussumieri USNM 147914. 
FIGURE 9 (right). Pectoral girdle: A. Austrobatrachus foedus RUSI 12748. B. Colletteichthys dussumieri USNM 


147914. 


goes in 2.4 to 2.8 times. Austrobatrachus has a single, long subopercular spine (Fig. 8A), whereas 
Colletteichthys has a shorter spine, sometimes with a second small point below (Fig. 8B). The upper 
accessory pectoral-—fin radial is totally ossified in Colletteichthys (Fig. 9B), whereas it is almost all 
cartilage with only a small ossified area in Austrobatrachus (Fig. 9A ). The expanded distal end of 
the premaxilla is highest at the posterior end of the bone in Colletteichthys (Fig. 10B) , whereas it 
is highest at the anterior end of the expansion in Austrobatrachus (Fig. 10A). The pelvic bone has 
a short, wide process on the medial surface in Colletteichthys (Fig. 11B), whereas it is longer and 
narrower in Austrobatrachus (Fig. 11A). Epibranchial I has a wide projection for the attachment of 
pharyngobranchical I, and pharyngobrancial I is long and bent in a boomerang shape in 
Austrobatrachus (Fig. 12A). Pharyngobrancial I is missing in Colletteichthys, and there is just a 
small rounded bump where it should attach (Fig. 12B). Hypobranchial II has a distinct curved point 
at its anterior end in Colletteichthys (Fig. 13B), whereas in Austrobatrachus the anterior end is 
rounded and there is an additional point on the lateral side (Fig. 13A). The ceratohyal is more slen- 
der in Colletteichthys than in any other toadfish genus, its narrowest depth going 13.7 times into the 
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i FIGURE 11. Pelvic bone (left side): dorsal view (left); 
IS ventral view (right) A. Austrobatrachus foedus RUSI 12748. 
ij \ as B. Colletteichthys dussumieri USNM 147914. 
y/ 3 CU \ 
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FiGure 10. Premaxilla (above) and maxilla (below): 
A. Austrobatrachus foedus RUSI 12748. B. Colletteichthys 
dussumieri USNM 147914. 


A 


Ficure 12. Ventral view of left epibranchial I and 
pharyngobranchial I of Austrobatrachus foedus RUSI 
12748 (A), and of epibranchial I of Colletteichthys dussum- 
ieri USNM 226512 (B). 


length of the ceratohyal with its ventral hyohyal 

at its end, versus only 8.2 times in Austro- FiGurE 13. Ventral view of left hypobranchial III: A. 
: Austrobatrachus foedus RUSI 12748. B. Colletteichthys dus- 

batrachus. These many differences are greater oi jiori USNM 147914. 

than found between any two species within a 


described toadfish genus, and the characters under consideration are ones that have been utilized to 
define other toadfish genera. 


Colletteichthys is a member of the subfamily Batrachoidinae because it has three solid dorsal- 
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fin spines, one subopercular spine, and no canine-like teeth or photophores. It differs from other 
genera in the subfamily as follows: from Riekertia, Halobatrachus, Perulibatrachus, Batrachoides, 
Chatrabus and Barchatus by lacking scales, whereas these genera have scales; from Bifax by lack- 
ing a flap with an eye spot at the end of the maxilla on each side of the mouth; from 
Potamobatrachus by having one or two subopercular spines instead of three; from Amphichthys by 
having fewer than 24 dorsal-fin rays and lacking a venetian blind gland in the pectoral-fin axil; from 
Triathalassothia, Vladichthys, Batrichthys, Halophryne, and Allenbatrachus by having a funnel- 
shaped pit at the top of the pectoral-fin axil, with glandular tissue inside and extending from ven- 
tral pit margin onto the axil; from Opsanus and Sanopus by having the axillary pocket at the top of 
the pectoral-fin axil rather than a foramen near the center of the axil; from Batrachomoeus by hav- 
ing a funnel-shaped pit rather than a foramen that is a distinct round hole, and by having the lower 
gill opening well below the lower pectoral-fin base rather than at the lower pectoral-fin base. 


MATERIAL EXAMINED 


CLEARED AND STAINED SPECIMENS.— Allenbatrachus grunniens, CAS-SU 26909; Allenbatrachus 
reticulatus, CAS-SU 30658; Amphichthys cryptocentrus, USNM 144888; Aphos porosus, CAS 65051; 
Austrobatrachus foedus, RUSI 12748; Barchatus cirrhosus, HUJ 13711; Batrachoides gilberti, FMNH 84549; 
Batrachomoeus trispinosus, CAS 69938; Batrichthys apiatus, RUSI 75-25; Batrichthys felinus, RUSI 75-25; 
Bifax lacinia, BPBM 35843; Chatrabus hendersoni, RUSI 8611; Chatrabus melanurus, RUSI 12749; 
Collettteichthys dussumieri, USNM 147914; Daector reticulatus, GCRL 16194; Halobatrachus didactylus, 
USNM 205066; Halophryne diemensis, NTMS_ 10005-019; Halophryne hutchinsoni, CAS-SU 20462; 
Opsanus tau, CAS 223821; Perulibatrachus elminensis, MNHN 1970-43; Pomatobatrachus trispinosus, 


45; Thalassophryne maculosa, USNM 199524; Thalassophryne megalops, FMNH 66907; Triathalassothia 
argentius, USNM 214438. 

OTHER SPECIMENS.— Vladichthys gloverensis, FANH 71575 (holotype), Paratypes- FMNH 71576 
(1), FMNH 71577 (2), FMNH 71578 (2), FMNH 71579 (1), FMNH 71580 (1), FMNH 91036 (1), USNM 
318691 (1), USNM 208239 (3), ANSP 120499 (5), CAS 15409 (3), BMNH 197.10.10.97 (1). Triathalassothia 
argentinus, USNM 86687 (1), ANSP 70373 (1). Colletteichthys dussumieri, USNM 333284 (3), USNM 
333281 (1), USNM 196473 (1), USNM 221342 (5), USNM 226512 (1), USNM 147913 (7), USNM 147915, 
CAS 23719 (1), CAS 29743 (1), BPBM 30509 (1), BPBM 29525, AMS B.8115 (1), AMS B.8112 
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Inflation in Middle Eastern Tortoises 
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The wide-ranging spur-thighed tortoise (Testudo graeca) has recently been split into 
a complex of species (nine in the Middle East). Because T. graeca is a taxon of conser- 
vation concern, an accurate understanding of major evolutionary lineages in this 
taxon is important for guiding conservation strategies. We sequenced a rapidly evolv- 
ing mitochondrial marker for 30 specimens of Testudo graeca from localities tied to 
the newly proposed morphology-based names in the Middle East. Our data reveal 
major inconsistencies between morphological and molecular groupings and demon- 
strate that taxonomic schemes based solely on either data set are problematic. Given 
the extremely low variation (as little as 0%) between newly recognized species, we 
consider T. graeca in the Middle East as a single species pending further study. We 
strongly recommend that future systematic studies should strive to compare different 
data types to avoid misleading taxonomic changes. 


Taxonomic inflation, when many existing subspecies are raised to species level, is a common 
trend in modern systematics as phylogenetic studies revise traditional infraspecific taxonomies 
(Isaac et al. 2004). This phenomenon of fluctuating taxonomy can have profound and sometimes 
deleterious implications for management efforts that rely on species lists for guidance (Isaac et al. 
2004; Mace 2004). Nevertheless, there are numerous examples of systematic studies showing that 
a single widespread species actually represents multiple species having restricted ranges. In these 
cases, despite the problems taxonomic changes may cause, taxonomic inflation is desirable. 
However, when taxonomic inflation is premature it can reintroduce many unfamiliar, ephemeral 
species names into the literature and obscure important evolutionary lineages. 

A notable example of rapid, and potentially premature, taxonomic inflation within a group of 
conservation concern (TFTSG 1996) is the spur-thighed tortoises (Testudo graeca Linnaeus, 1758). 
Testudo graeca ranges from North Africa east to the Iranian plateau, but is considered vulnerable 
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due to habitat degradation and commercial exploitation. Throughout its wide distribution, there is 
substantial morphological variation, especially among Middle Eastern populations (Fig. 1). 
Although traditionally considered a single polymorphic species, some authors have asserted that 
Middle Eastern 7: graeca should be split into as many as nine separate species (Table 1), most of 
which were previously considered subspecies. Because this taxonomic inflation is based on a sin- 
gle line of evidence (morphology) and a liberal (diagnostic) species concept, the possibility of pre- 
mature taxonomic inflation is high. 

In contrast to the rampant splitting done by morphologists, molecular studies of Middle Eastern 
T. graeca have emphasized the close genetic similarity among morphologically divergent popula- 
tions (van der Kuyl et al. 2002, 2005). This pattern of low genetic variation led these authors to 
explicitly question the recognition of any Testudo morphotypes as distinct lineages. In a response 
to van der Kuyl et al. (2002), Perala (2004) suggests their result of low genetic variation is biased 
by the slowly evolving segment of the mitochondrial genome they studied (rrnS). Peril (2004) 
also noted that the specimens in the study by van der Kuyl et al. (2002) lacked good geographic 
provenance. This second problem, a paucity of well-documented reference material for genetic 
studies, is a recurring theme in turtle systematics (Parham et al. 2001; Stuart and Parham 2004; 
Parham et al. 2004). 

The purpose of this study is to provide a genetic test for the newly recognized morphology- 
based taxonomy in Middle Eastern 7? graeca using a rapidly evolving molecular marker and spec- 
imens with well-documented locality data. By emphasizing specimens from the type locality of 
newly recognized species, we can provide direct evidence for their genetic distinctiveness. In this 
way our taxonomic recommendations can consider both the molecular and morphological perspec- 
tives. We would consider congruence between the distinctiveness of morphological and molecular 
groups to be strong evidence that the newly recognized species represent independent evolutionary 
lineages (e.g., see Stuart and Parham 2004). On the other hand, incongruent molecular and morpho- 
logical variation or overall low sequence divergence would argue against recognizing newly pro- 
posed names pending additional study. 

INSTITUTIONAL ABBREVIATIONS.— CAS, The California Academy of Sciences, San Francisco, 
California, USA; MVZ, Museum of Vertebrate Zoology, Berkeley, California; ZIN, Zoological 
Institute of St. Petersburg, Russia. 


MATERIALS AND METHODS 


Our study includes DNA sequence data from 34 museum vouchers from nine countries 
(Appendix 1; Algeria, Armenia, Bulgaria, Georgia, Iran, Israel, Russia, Tunisia, Turkey) with pre- 
cise locality data. Vouchers are deposited at CAS, MVZ, and ZIN. Detailed locality information 1s 
available from these institutions. The following is a list of the voucher information (CAS/ 
MVZ/ZIN) and Genbank (DQ) numbers for 34 tortoise samples (four outgroups, 30 Testudo grae- 
ca): 

OuTGRouPS: Agrionemys horsfieldii (CAS 184468/DQ080045); “Testudo” hermanni (MVZ 
238087/EF100728), Testudo kleinmanni (MVZ_ 230361/DQ080048), Testudo marginata (MVZ 247484/ 
DQ080047). Ingroup (Testudo graeca, numbers refer to Figure 2): 1) Tunisia (MVZ 235707/ DQ080049); 2) 
Algeria (MVZ 235706/EF100729): 3) Israel (MVZ 247481/EF100730); 4) SE Turkey (CAS 218245/ 
DQ080050); 5) SE Turkey (MVZ 244865/EF100731); 6) S Turkey (CAS 218279/EF100732); 7) S Turkey 
(CAS 217879/EF100733); 8) E Turkey (CAS 218130/EF100734); 9) S Turkey (CAS 217708/ EF100735); 
10) Bulgaria (MVZ 238086/EF100736); 11) Georgia (ZIN 23028/EF100737); 12) Russia (ZIN 23030/ 
EF100738); 13) NW Turkey (CAS 217485/EF100739):; 14) NW Turkey (CAS 217676/EF100740); 15) E Iran 
(MVZ 234282/EF100741); 16) E Iran (MVZ 234284/EF100742); 17) E Iran (MVZ 234285/EF100743); 18) E 
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FIGURE 1. A): Map showing localities of sequenced museum specimens (white circles and stars) from the eastern part 
of the range of 7: graeca. Stars represent type localities. Sample 10 (from Bulgaria) is not shown. Non-faded areas within 
the solid black line represent an estimate of the eastern distribution of 7: graeca in Asia. The dashed black line represents 
estimates of the haplotype distribution. B-C) An example of significant morphological variation within genetically similar 
T. graeca. Some populations from Turkey are large (>25 cm), brown, and have posteriorly flared shell margins (B, ana- 
murensis) whereas nearby populations are characteristically small (<20 cm) and yellowish (C, antakyensis). Despite these 
obvious morphological differences, these populations are just 0.2% divergent for nad4. 


Iran (MVZ 234291/EF100744); 19) E Iran (MVZ 234292/EF100745); 20) E Iran (MVZ 234509/EF100746):; 
21) E Iran (MVZ 243423/EF100747); 22) E Iran (MVZ 243879/EF100748); 23) NW Iran (MVZ 245923/ 
EF100749); 24) NW Iran (MVZ 245922/EF100750); 25) NW Iran (MVZ 234290/EF100751); 26) NW Iran 
(MVZ 236881/EF100752); 27) NW Iran (MVZ 236882/EF100753); 28) NW Iran (MVZ 24592 1/EF100754): 
29) Armenia (ZIN 23026/EF100755); 30) Armenia (ZIN 23025/EF100756). The sequences for five samples 
(1, 4, A. horsfieldii, T. kleinmanni, T. marginata) were taken from Parham et al. (2006). 

The outgroups A. horsfieldii, “Testudo” hermanni, T: kleinmanni, and T: marginata were cho- 
sen based on Parham et al. (2006). Although our study emphasized Middle Eastern 7: graeca, we 
sequenced two samples from the African part of their range. One of these samples is from Algeria, 
within the restricted range of T. graeca sensu stricto (see Guyot 2004). We sequenced specimens 
from the type region (1.e., topotypic specimens) of all nine proposed Middle Eastern species and 
one nearby taxon from Europe (nikolskii from Russia). We can verify that our eastern Iranian spec- 
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imens are zarudnyi because they are identi- TABLE 1. List of Middle Eastern taxa proposed as 
cal to a sequence from the type specimen new species (e.g., Lapparent de Broin 2001; Peralaé 2002: 
(JFP, BLS, and NB Ananjeva, in prep.). A Guyot 2004) also including T. nikolskii from adjacent 
sample from the 10‘ type locality (for rer- Russia. The taxa are listed in chronological order, starting 

: : ; with the oldest name. The mitochondrial clade (see Fig. 2) 
LESS Nleppoin Syria) could not bes) a2 

: : is indicated on the right (in bold if the taxon is the oldest 
acquired, but we provide a sample from 


: et available name for that clade). Note that T. graeca is not 
adjacent Turkey (<100 km north; Fig. 1) that  jicted because the type locality of T. graeca sensu stricto 


is well within the range of terrestris fide js in Africa (Mertens and Miiller 1928). 
Peralé (2002:92). Even though we are confi- 


dent in this referral, we label the latter hap-  /e”restris Forsskal 1775 

lotype as “terrestris” with quotes (see Fig. tbera Pallas 1814 

2). In addition to the above specimens we = zarudnyi Nikolskii 1896 

also include one T. graeca from Bulgaria. Bunton Boulenger 1915 
Total genomic DNA was extracted from floweri Boddenhennes 1986 


frozen muscle or liver tissues (Appendix) 
except for two samples (the outgroup 
“Testudo” hermanni and T: graeca sample 
10) that were donated with tissues preserved 
in ethanol. To provide a fair test of genetic “akyensis _ Perala 1996 
distinctiveness, we sequenced rapidly  perses Perdla 2002 
evolving regions of the mt genome, nad4 

and adjacent tRNAs (trn-H-S-L) (simply “nad#” hereon). This marker has proven useful for distin- 
guishing between closely related populations of other turtles (Stuart and Parham 2004; Spinks and 
Shaffer 2005). Spinks and Shaffer (2005) found that nad4 shows more genetic structure for close- 
ly related populations than the widely used cob-based markers. If there is any taxonomically signif- 
icant genetic structure within 7: graeca, we feel that it should be recoverable by studying variation 
and in nad4. DNA was amplified with the primers L-ND4-TG (5’-GTAGAGGCCCCAATTGCAG- 
3°) and H-Leu-TG (5’-TGTACTTTTACTTGGAATTGCACCA-3’). The amplifying primers and 
two internal primers, L-ND4nt-TG (5°- ACCCATACACGAGAACATCTCCT -3’) and H-ND4nt- 
TG (5’- TGTTAACTCTCCTATTAGGTTAAT -3’), were used in the sequencing reactions. The 
resulting sequences were edited and aligned by eye. 

Phylogenies were reconstructed using the maximum parsimony and maximum likelihood opti- 
mality criteria implemented in PAUP* 4.0b10 (Swofford 2002). Maximum parsimony analyses 
were performed with equal weighting of nucleotide substitutions using the branch-and-bound 
search option. The model of sequence evolution that best described the data was inferred using the 
Akaike Information Criterion as implemented in Modeltest 3.7 (Posada and Crandall 1998). The 
selected model was HKY + G, with base frequencies A = 0.3657, C = 0.2630, G = 0.1190, and T = 
0.2522, ti/tv ratio = 10.1348, and gamma distribution shape parameter = 0.1963. Maximum likeli- 
hood analyses were performed under this model using the heuristic search option, stepwise addition 
with 500 random addition replicates, and TBR branch swapping. Nodal support was evaluated with 
1000 nonparametric bootstrapping pseudoreplications (Felsenstein 1985) for the MP analysis and 


anamurensis  Weissinger 1987 
armeniaca Chlhikvadze and Bakradze 1991 
nikolskii Chlhikvadze and Bakradze 1991 


RF nN nF FF & WB NY = 


FiGurRE 2 (right). A. One of the two shortest trees recovered by maximum parsimony. Numbers above the nodes refer 
to MP and ML bootstraps respectively. Numbers below the nodes refer to decay indices. Sequence divergences within some 
clades for the nad4 marker are shown (rounded to the nearest tenth percent) including the minimum divergence among tra- 
ditional Testudo species, the maximum divergence among 7: graeca populations sampled here, and the maximum divergence 
within the major haplotype clades. Note that for clades with one or two haplotypes no range of values is implied. All ingroup 
samples are listed by their voucher number and region of origin with topotypic taxa listed where appropriate. B. The alter- 
native maximum likelihood topology shown as an inset. 
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T. kleinmanni 


T. marginata 


1.Tunisia | African clade 
2.Algerial 1.1] % 


3. Israel (floweri) 
4. SE Turkey ("terrestris") 


100 


Testudo 


Zz 5.3% 5. SE Turkey (antakyensis) 
.. | clade 1 
6.5 Turkey (anamurensis) & 
7.5 Turkey iat 0.87% 


8. E Turkey 
OPO hurkey 
10. Bulgaria 
11. Georgia (ibera) 
12. Russia (nikolksii) dade 2 
13. NW Turkey <0.1% 


14. NW Turkey 


15,E Iran 
-/52 African clade 16. E Iran 
clade 5 ~~ 
Apa 7B Iran N 
clade 2 18. E Iran = clade 3 
clade 3 3 
eee 19. E Iran J 0% 


20.Elran 
21. E Iran 
22. E Iran 


ML topology 


23. NW Iran (perses) 
24. NW Iran (buxtoni) 


25. NW Iran clade 4 
| 26. NW Iran <0.9% 

27. NW Iran 

28. NW Iran 


29. Armenia (armeniaca) | clade 5 
30. Armenia 0.1% 


5 changes 
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500 for the ML analysis. We also obtained decay indices (=“‘branch support” of Bremer 1994) for 
all nodes. All reported sequence divergence percentages are uncorrected pairwise distances. 


RESULTS 


All phylogenetic analyses yielded the same major groupings of closely related haplotypes. 
Testudo graeca is found to be monophyletic with respect to other Testudo species (kleinmanni and 
marginata). Within T: graeca there are six well-supported mt clades, one in Africa and five in the 
Middle East (clades 1—5 labelled on Fig. 2). Parsimony analyses yield two shortest trees (e.g., Fig. 
2A), differing only in the placement of sample 3 (floweri) as basal to or else within the polytomy 
including the rest of clade 1. The ML tree is identical to the figured parsimony tree except that clade 
5 (including armeniaca) is closer to the African clade in the ML tree (Fig. 2B). Although the basal 
relationships among 7: graeca clades are not well supported, the sister relationship between some 
clades (e.g., 1+2 or 3+4) are supported by both analyses. Clade 1+2 is primarily centered on Turkey 
whereas our samples for clade 3+4 are wholly Iranian. The geographic intersection of clades 1+2, 
3+4, and 5 is at the juncture of the Anatolian and Iranian geomorphic provinces. The genetic diver- 
gences within each of the five Middle Eastern clades is extremely low (~1% or less) even though 
some of these clades include two or more topotypic specimens. 


DISCUSSION 


Our results support previous reports of low genetic diversity among newly recognized species 
within 7? graeca (van der Kuy] et al. 2002, 2005). For example, three clades that include topotypes 
from two or more newly recognized species (clades 1, 2, 4) show variation of 1% or less. Specimens 
referable to three of the newly recognized species (anamurensis, antakyensis, and terrestris) have 
haplotypes that are nearly identical (<0.5% different) with the two most different-looking taxa in 
this group (anamurensis and antakyensis; Fig. 1B—C) just 0.2% different. Our samples of the newly 
recognized species tbera and nikolskii have identical (0% different) nad4 haplotypes. All of these 
examples are considerably less than the minimum distance found between other unambiguously 
well-established species of testudinoid turtles using the same marker (4.4—-8.8%; Feldman and 
Parham 2004; Stuart and Parham 2004; Parham et al. 2004). Another example of incongruence is 
the two samples of clade 5 (topotypic armeniaca [sample 29] and a nearby sample [sample 30]). 
Despite occurring within 11 km of one another and sharing a close genetic similarity (0.1%), the 
phenotypes of these turtles are extremely different. Sample 29 is typical of the diagnostic armeni- 
aca morph with a low-domed shell and a rigid plastron (diagnostic characters that distinguish the 
taxon armeniaca from all other 7: graeca). In contrast, sample 30 is a typical of other T: graeca with 
a high-domed shell and kinetic plastron. Finally, most of the samples of clade 4 are within the range 
of perses (Perala 2002:91—92: Guyot 2004), but our mtDNA show that these populations have hap- 
lotypes that are identical to our sample of topotypic buxtoni. Thus, in almost every clade (but see 
comments on clade 3 below), our data strongly refute the assumption that morphology is an accu- 
rate indicator of significant genetic groupings. 

How do we explain extreme morphological variation with so little genetic change? The possi- 
bility that 7: graeca populations can evolve diagnostic morphological differences over short time 
intervals cannot be refuted and would explain our data. In fact, Fritz et al. (2005) provide an excel- 
lent example of such rapid environmentally driven adaptive evolution in a close relative of T: grae- 
ca, Testudo marginata. Future studies of species diversity within the Jestudo should be designed to 
test for the presence of high morphological plasticity before taxonomic revisions are suggested. 
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Although genetic diversity within the 7) graeca samples studied here is low, the rapidly evolv- 
ing nad4 marker did recover more detailed structure to the mitochondrial variation of the 7: grae- 
ca complex than did rrnS (van der Kuyl et al. 2002, 2005). The borders between these geographi- 
cally restricted mitochondrial lineages highlight potential contact zones for future systematic study. 
Further attempts to define species-level taxa within 7. graeca should be aimed at the distinctiveness 
of these five clades. The logic is that if clade | is not a distinct species from clade 2, then the four 
named species with clade 2 haplotypes can not be considered valid. Meanwhile, only one of the five 
mt clades (clade 3, a single haplotype) corresponds to potentially diagnostic lineage (zarudnyi) that 
is geographically isolated from the rest of 7: graeca. Whether these eastern Iranian populations 
should be considered a distinct species is debatable, especially since it would render T. graeca para- 
phyletic. Therefore we recommend that the entire 7) graeca complex be considered as a single 
species pending further study. 

The premature taxonomic inflation of 7: graeca in the Middle East is similar to the description 
of many rare Southeast Asian turtles in the late 1990s. Both clades are from poorly studied regions 
and experienced rapid taxonomic growth based on pioneering morphological studies. In the case of 
the newly described turtle species from Southeast Asia, subsequent genetic work led to the invali- 
dation of some species (Parham et al. 2001; Spinks et al. 2004; Stuart and Parham, in press) where- 
as others proved to be distinct evolutionary lineages worthy of recognition (McCord et al. 2000; 
Engstrom et al. 2002; Stuart and Parham 2004; Parham et al. 2004). Such taxonomic uncertainty is 
an inevitability because species concepts differ. However, the lessons learned from the Testudo and 
other Asian turtle examples are that systematists can help reduce premature taxonomic changes by 
withholding recommendations based on a single data set such as mtDNA or morphology. 


CONCLUSIONS 


Molecular data sets can explicitly test taxonomic schemes based on morphology by utilizing 
topotypic specimens. Our results for T. graeca show that the newly proposed species (Table 1, Fig. 
2) do not accurately reflect diversity and so we recommend against using the newly proposed 
names. Nevertheless, we did uncover genetic structure within 7: graeca that should provide a 
framework for future investigations. It is conceivable that additional study will revalidate some of 
newly proposed taxa. In this respect, our overall prospectus for Middle Eastern T: graeca is inter- 
mediate between the views in that it comprises one or ten species. 

Evaluating species-level taxonomies will always be subjective and depend on the species con- 
cept or data type employed. But systematists can simplify the situation by implementing species- 
level taxonomic changes more conservatively. If a minimum criterion for such changes was con- 
cordance between two or more independent data sets (mtDNA, morphology, or nuDNA), it would 
greatly diminish the proliferation of ephemeral taxa and other inappropriate changes to species lists. 
This is especially important for taxa of conservation concern. We understand that this cautious 
approach may lead to a temporary underestimation of biodiversity in some cases, but feel that the 
ultimate taxonomic changes will be more likely to accurately reflect diversity and so gain credibil- 
ity with conservation agencies and systematists alike. 
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Appendix 


Detailed localities for sequenced specimens (see Materials and Methods for museum voucher 
and GenBank numbers). Outgroups: Agrionemys horsfieldii, within 2 km of Khiveabad along the 
Turkmenistan-Iran border, foothills of the Kopet Dag Mts; “Testudo” hermanni, 7 km north of 
Kresna; Testudo marginata, Mount Hymettus, Attica, Greece. Ingroup: 1) 3 km northwest (by road) 
El Haoueria, Nabul, Tunisia; 2) Annaba, Skikda Wilayat, Algeria; 3) Near Newe Degalim, southern 
Gaza Strip, Israel; 4) Kilis-Gozkaya road, 8 km northwest of Kilis, Turkey; 5) Antakya, Hatay 
Province, Turkey; 6) Anamur, Icel Province, Turkey; 7) Bolacalikoyuncu, on the east side of 
Tasuca, Icel Province, Turkey; 8) Coravanis Village, Bostanici Municipality, Van Province, Turkey; 
9) 4 km NW of Korkuteli, approximately 70 km west-northwest of Antalya, Antalya Province, 
Turkey; 10) 8 km north of Kresna, Bulgaria; 11) Tbilisi, Georgia; 12) Black Sea coast, Russia; 13) 
9.8 km south of Bursa on the Bursa-Uludag road, Bursa Province, Turkey; 14) Kiziloren, approxi- 
mately 70 km south-southwest of Afyon, Afyon Province, Turkey; 15) 93 km north-northwest of 
Khast (by road to Zahedan), Sistan and Baluchistan Province, Iran; 16) Jam Chin Valley, Kuh-e- 
Taftan, 25 km north (by air) of Khast, Sistan and Baluchistan Province, Iran; 17) Cheshmeh Ziarat, 
30 km west (by road) of Zahedan, Sistan and Baluchistan Province, Iran; 18) Desert between Khabr 
Mountain and Mazr Mountain, 30 km west of Khabr, Kerman Province, Iran; 19) Desert between 
Khabr Mountain and Mazr Mountain, 30 km west of Khabr, Kerman Province, Iran; 20) Garm-bit, 
Sistan and Baluchistan Province, Iran; 21) West side of Sirch Tunnel, on the road from the Kerman- 
Mahan road to Shahdad, Kerman Province, Iran; 22) 36.25 miles south-southwest of Qariat al Arab 
(by air), Kerman Province, Iran; 23) 5 km (by air) west of Lalabad Village, 40 km (by air) north- 
west of Kermanshah, Kermanshah Province, Iran; 24) Harzevil (“Big tree”) Village in old Manjil, 
on the road from Qazvin to rasht, Gilan Province, Iran; 25) Lar Dam, Tehran Province, Iran; 26) 15 
km south (by road to Dizaj) at junction with Orumiye to Turkey border highway, East Azarbaijan 
Province; 27) 3 km (by air) south of Buin, which is 55 km south of Qazvin, Zanjan Province, Iran; 
28) Harzevil (“Big tree”) Village in old Manjil, on the road from Qazvin to Rasht, Gilan Province, 
Iran; 29) Meghri, Syunik Region, Armenia; 30) 11 km east of Meghri, Shvani Dzor, Armenia. 
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Freshwater fish collections made during the California Academy of Sciences 2001 
Expedition to Sao Tomé and Principe in the Gulf of Guinea, West Africa, provided 
numerous specimens of Sicydium species. Our examination of these specimens indi- 
cates that two species were found on the islands. One species is S. brevifile Ogilvie- 
Grant, 1884, previously known only from the holotype and reported from the 
Cameroons. The other species is S. bustamantei Greeff, 1882. Both species were com- 
mon in samples and were represented by a variety of size classes. Although the sub- 
ject of much confusion historically, they are distinguished by squamation, jaw mor- 
phology, lip morphology, the number of premaxillary tooth rows, the number of pre- 
maxillary teeth, head size, length of first dorsal fin spines in males and pigmentation. 
Evidence is given indicating that one of the paralectotypes of S. bustamantei is a spec- 
imen of S. brevifile. The two species are redescribed and compared across life/size 
class stages. A key is provided for the three West African species of Sicydium and 
Parasicydium bandama. 


Os peixes de agua doce coletados durante a expedicao de 2001 da California Academy 
of Sciences a Sao Tomé e Principe, no Golfo da Guinéa, Africa do Oeste, continham 
varios espécimes do tipo Sicydium. O exame desses espécimes indica que duas espé- 
cies sao encontradas nas ilhas. Uma das espécies é S. brevifile Ogilvie-Grant, 1884, 
previamente conhecida somente pelo holotipo e por relatos de Cameroons. A outra 
especie € S. bustamantei Greeff, 1882. As duas espécies sao muito comums nas 
amostras e sao representadas por uma variedade de classes por tamanho. 
Historicamente, apesar de muita confusao acerca de suas caracteristicas, as espécies 
podem ser diferenciadas pela disposicao das escamas, morfologia da mandibula, 
morfologia dos labios, o nimero de camadas de dentes pré-maxilares, tamanho da 
cabeca, comprimento do espinho da primeira nadadeira dorsal nos machos e pigmen- 
tacao. As evidéncias indicam que um dos paralectotipos de S. bustamantei € uma espé- 
cie de S. brevifile. As duas espécies foram redescritas e comparadas baseadas na 
relacao de longevidade/tamanho. Uma chave de classificagao para a identificacao dos 
trés tipos das espécies do Oeste da Africa de Sicydium e Parasicydium bandama é 
fornecida. 
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The California Academy of Sciences (CAS) expedition to the Republic of Sao Tomé and 
Principe in 2001 (Drewes 2002) obtained many collections of fishes from freshwater streams of the 
islands. The islands are part of the Guinea Line, a volcanic line associated with the African Plate 
that extends for more than 1000 km from Pagalu (Annobon) Island to the Jos Plateau of Nigeria 
(Lee et al. 1994). Sao Tomé and Principe are tropical oceanic high islands receiving as much as 500 
cm of rainfall annually on the southwestern slopes. Sao Tomé is younger (13+ my) and larger (836 
km2) than Principe (31+ my and 130 km2), and its highest peak is greater than 2000 m, more than 
twice that of the highest peak on Principe. The islands are isolated from one another by 146 km, 
from the African coast by 220 km, and by depths greater than 3000 m. More information on the 
geology of the islands is given by Drewes and Wilkinson (2004). 

The 2001 CAS freshwater collections included many specimens of the gobioid genus Sicydium. 
Identification of these specimens to species was initially problematic due to the great confusion sur- 
rounding the taxonomic status of nominal species described from the region. The nomenclatural 
confusion surrounding West African sicydiines was reviewed by Harrison (1993). He recognized 
four species from the region: Parasicydium bandama Risch 1980, Sicydium brevifile Ogilvie-Grant 
1884, S$. bustamantei Greeff 1882, and S. crenilabrum Harrison 1993. A summary of the taxonom- 
ic progression follows. Richard Greeff described Gobius bustamantei in 1882 based on specimens 
from Sao Tomé. In 1884, referring to the same specimens in a footnote, Greeff distinguished a larg- 
er species, which retained the name G. bustamantei, from a smaller species, which he called 
Sicydium bustamantei. Also in 1884, Ogilvie-Grant described Sicydium brevifile from a single spec- 
imen recorded from the “Cameroons,” a name which at that time referred to the general region of 
the Gulf of Guinea south of Nigeria, including the islands. Boulenger (1916) regarded S. bustaman- 
tei Greeff 1884 as a nomen nudum and synonymized it with Lentipes bustamantei which he 
described from some small specimens from Sao Tomé. Thys van den Audenaerde (1967) recog- 
nized S. brevifile, S. bustamantei Greeff 1884 and Lentipes bustamantei, but Risch and Thys van 
den Audenaerde (1979) synonymized Lentipes bustamantei with S. bustamantei using ontogenetic 
information to show that L. bustamantei is simply the post-larval phase of S$. bustamantei. In dis- 
tinguishing S. brevifile from S. bustamantei, they stated that S. brevifile has a crenate upper lip. 
Additional material and closer inspection of the holotype of Sicydium brevifile led Harrison (1993) 
to redescribe S. brevifile, which does not have a crenate upper lip, and recognize a new continental 
West African sicydiine, S$. crenilabrum — the species characterized by a crenate upper lip. Harrison 
distinguished Sicydium brevifile from S. bustamantei and S. crenilabrum, but his redescription of S. 
brevifile was limited to the holotype; no other specimens were identified. Sicydium bustamantei and 
S. brevifile were the only sicydiine species recognized by Harrison (1993) from the Gulf of Guinea 
islands, and as noted, S. brevifile was known only from the holotype. 

The numerous Sicydium specimens of differing life stages provided by the 2001 CAS collec- 
tions have allowed us to better distinguish sicydiine diversity of the islands. We concur with 
Harrison’s (1993) recognition of three Sicydium species from West Africa. In this paper we report 
the collection of numerous specimens of Sicydium brevifile from Sao Tomé and Principe, redescribe 
the species and compare it to S$. bustamantei of different sizes using both new and previously avail- 
able material. We also demonstrate that one of the paralectotypes of S. bustamantei is actually a 
specimen of S. brevifile. 


MATERIALS AND METHODS 


Counts and measurements follow Hubbs and Lagler (1958) except as noted. Lateral scale row 
counts were made from the upper pectoral fin axilla midlaterally to the base of the caudal fin and 
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do not include scales extending onto the caudal fin. Transverse row counts were made from the ori- 
gin of the anal fin posterodorsally to the base of the second dorsal fin. Caudal peduncle row counts 
were made from the scale immediately above the terminus of the anal fin posterodorsally to the 
midline of the caudal peduncle. Head depth measurements were made perpendicular to the body 
axis at the preopercle. Premaxillary teeth were examined and counted (on one side only) with a dis- 
secting microscope and photographed with a scanning electron microscope. Osteological informa- 
tion was obtained from radiographs and cleared and stained specimens. Pterygiophore insertion pat- 
terns are expressed following Birdsong et al. (1988). Cephalic lateralis pore terminology is given 
as described by Akihito et al. (1984). Museum acronyms follow Leviton et al. (1985), except for 
Staatliches Museum fur Tierkunde Dresden, which is given as MTDF. 


MATERIAL EXAMINED 


Sicydium brevifile: BMNH 1866.6.26.10, holotype, Cameroons, A. Smith; AMNH 236489 (tissue REB 
37) (2), Cameroon, Limbe River near botanical garden, 4°00’53.3”N, 9°11’53.7”E, R. Brummett, Nov. 2003; 
AMNH 236490 (tissue REB 38b) (1), Cameroon, Limbe River near botanical garden, 4°0053.3”N, 9°11’ 
53.7’E, R. Brummett, Nov. 2003; BMNH 1927.5.4.1 (1), Principe, Rowland Ward Ltd.; CAS 214398 (32), 
Principe, Agua Maria Correia, main fork going into Baia das Agulhas about 300 m upstream from mouth, 
1°36’5’N, 7°21'12”E, Iwamoto, Drewes and Cabral-Quade, 23 April 2001; CAS 214401 (42), Principe, 
Ribeira Chimboto, NE of Praia Seca and cove N of Neve Ferreira, small stream with mouth completely 
blocked by 2—5” dia. cobblestones, 1°33’14”N, 7°24’E, Iwamoto, Drewes and Cabral-Quade, 23 April 2001; 
CAS 214411 (23), Sao Tomé, R. Anambo, downstream from coast road about 50-150 m from ocean at mon- 
ument to first village on S40 Tomé, 0°19’33”N, 6°3030’E, Iwamoto, Cabral-Quade and Rosa-Delgado, 3 April 
2001: MRAC 94-086-P-0038 (1), Annob6én (originally incorrectly listed as Anabon, Gabon, in MRAC cata- 
log), M. Levy, 1-12 January, 1994; NLU 78956 (3), Sao Tomé, Rio Maria Luisa at bridge crossing, 0°19'41”N, 
6°30'44’E, Iwamoto, Cabral and Rosa-Delgado, 3 April 2001; NLU 78959 (20), Sao Tomé, Agua Micondé, 
downstream of coastal hwy. to lagoon-like area, 0°10’18’N, 6°4112”E, Iwamoto and Cabral-Quade, 4 April 
2001; NLU 78961 (2), Rio Contador ca. 100 m from stream mouth to last pool before mouth, Iwamoto and 
Costa, 8 April 2001; NLU 78965 (5), Sao Tome, Aqua Azeitona below hwy. bridge, 0°6’15”N, 6°37/15”E, 
Iwamoto, Drewes and Cabral-Quade, 28 April 2001; MTDF 10000 (1), Sao Tomé, Rio Quija, Rio Xufe Xufe, 
Widmann, Fahr and Bruhl, March 1991; MCZ 13327 (5), Principe, collectors unknown, 1854; ZMH 8110 (for- 
mer 19296) (1), syntype of S. bustamantei, S40 Tomé, Rio d’Ouro, Greeff, December 1879; ZSM 33222-23 
(2), Cameroun (no further locality data), Glaser Imports, 2005. 

Sicydium bustamantei: CAS 214407 (19), Sao Tomé, Rio do Ouro, at Angostino Neto (formerly Rio do 
Ouro plantation), 0°21’56”N, 6°38’42”E, Iwamoto, Cabral-Quade and Drewes, 13 April 2001; CAS 214410 
(18), Sao Tomé, Rio Anamb6 downstream from coast road, 50-150 m from ocean at monument to first village 
on Sao Tomé, 0°19’33”N, 6°30'30”E, Iwamoto, Cabral-Quade and Rosa-Delgado, 3 April 2001; CAS 214658 
(8), clear mountain stream, Roca Zampalma, B. Malkin, 1 August 1949; MRAC 142108—109 (2), Equatorial 
Guinea, Fernando Péo, Bach bei Basokoto an der Strasse nach St. Isabel, 3°35’N, 8°37’E, Eisentraut, 22 
October 1962; MRAC 142110-111 (2), Equatorial Guinea, Fernando Poo, Lager I., 3°18’N, 8°10°E, Eisentraut, 
6 December 1962; MRAC 143362 (1), Equatorial Guinea, Fernando P6o, Rio Ruma, at bridge on route to 
Conception, D. Thys v. d. Audenaerde, 13 December 1964; MRAC 143438439 (2), Equatorial Guinea, 
Fernando Péo, Moca, mountainside stream, affl. of Rio Iabyi (Ilachi), 3°20’N, 8°40’E, D. Thys van den 
Audenaerde, 15 December 1964; NLU 78957 (4), Sao Tomé, Rio Maria Luisa at bridge crossing, 0°19’41’N, 
6°30'44”E, Iwamoto, Cabral-Quade and Rosa-Delgado, 3 April 2001; NLU 78960 (8), Sao Tomé, Agua 
Micond6, downstream of coastal hwy. to lagoon-like area, 0°10'18”N, 6°41'12”E, Iwamoto and Cabral-Quade, 
4 April 2001; NLU 78964 (6), Sao Tomé, Rio do Ouro, at Angostino Neto (formerly Rio do Ouro plantation), 
0°21’56’N, 6°38’42’”E, Iwamoto, Cabral-Quade and Drewes, 13 April 2001; NLU 79866 (20), Sao Tomé, 
Agua Azeitona below hwy. bridge, 0°6’15”N, 6°37’15”E, Iwamoto, Drewes and Cabral-Quade, 28 April 2001; 
ZMH $108, (former 19295) (1), lectotype of S$. bustamantei, Sao Tomé, Agua Grande, Greeff, 1 April 1880; 
ZMH 8109, (former 19295) (1), paralectotype of S. bustamantei, Agua Grande, Sao Tomé, Greeff, 1 April, 
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1880; ZSM 27435 (3), Sao Tomé, Almerim, J. Haft, August 1989; ZSM 27616 (2), Equatorial Guinea, Bioko 
(Fernando P6o), Rio Ilady, above cascades near Moka village, U. Schliewen, February 1990; ZSM 28418 (3), 
Sao Tomé, Rio Quija ca. 800 m from sea, J. Haft, April 1992; MRAC 94-086-P-0039-44, Annob6n (original- 
ly incorrectly listed as Anabon, Gabon, in MRAC catalog), M. Levy, 1-12 January, 1994; BMNH 
1914.12.28:3-12 (6), syntypes of Lentipes bustamantei, Sao Tomé, Rio do Ouro, Henrique; MRAC 143154- 
162 (5), Fernando P6o, Rio Timbapé, D. Thys van den Audenaerde, 12 December, 1964; MRAC 143163-166 
(3), Fernando P6o, Rio Timbapé, D. Thys van den Audenaerde, 12 December, 1964; MRAC 143264—362 (20), 
Fernando P6o, Rio Ruma, near to bridge on road to Conception, D. Thys van den Audenaerde, 13 December 
1964; MRAC 78-46-P-262 (1), Fernando P6o, small stream just north of Conception, J.J. Scheel, 6 February 
1968; MRAC 78-46-P-263 (1), Fernando Poo, mouth of Rio Timbapé up to 100 m above Rio Agua-Negreb, 
J.J. Scheel, 12 January 1969. 

Sicydium crenilabrum: MNHN 1992-1234 (1), holotype, River Tabou at Yaka, Cote d'Ivoire, Tabou 
River, Yaka, 4°28’N, 7°23’W, G. Teugels, 8 April 1986; BMNH 1989.1.6.35 (1), Cameroon, River Lokunje and 
tributaries within 30 km of Bipindi, T. Roberts, 18-19 December 1987; MCZ 48156 (13), Cameroon, river 
Mboue at Edea, T. Roberts, 17 April 1971; MCZ 48157 (3), Cameroon, Sanaga river, rock pools on barrage at 
Edea, T. Roberts, 17 April 1971; MNHN 1987-703 (2), paratypes, Cote dIvoire, river Tabou at Yaka, GG. 
Teugels, 8 April 1986; CU 90195 (2), Cameroon, Lobe River, Lobe rapids between ocean and bridge, 
2.8782°N 9.8987°E, J.P. Friel and J.P. Sullivan, 15 February 2004. MRAC 75-56-P-1934 (1), paratype, 
Cameroon, Kribi, among rocks below bridge, D. Thys van den Audenaerde, 14 March 1975; MRAC 86-013- 
P-0717 (1), paratype, Cote d’Ivoire, on the road between San Pedro and Tabou, G. Teugels, 7 April 1986; 
MRAC 86-013-P-0720-0723 (4), Céte d’Ivoire, Tabou River, Yaka, 4°28’N, 7°23’W, G Teugels, 8 April 1986; 
MRAC P173337-338 (2), paratypes, Equatorial Guinea, Rio Benito, Puente de Senye, 1°34’N, 9°50’E, 
B. Roman, 12 August 1966; MRAC 90-57-P-2435-2437 (3), labeled as Sicyopterus imitoratus, Congo 
Brazzaville, river Mombi, affluent of River Kouilou, road from Kakamoeka to Sounda, 500m from Sounda 
bridge, G. Teugels, L. De Vos, and J. Snoeks, 11 October, 1990; MRAC 95-30-P-2367-2369 (3), labelled as 
paratypes of Sicyopterus imitoratus Cameroon, river Bongolo en aval 56-77 ??, 2°26’N 9°57’E, A. Kamden- 
Toham; MRAC 95-034-P-0001-002 (2), Cameroon, Lobe River about 500 m from sea just below water falls, 
2°52’N, 9°54’E, Univ. Saarbrucken, 1-30 September 1993; MRAC 95-034-P-0006, Cameroon, Lobe River 
about 500 m from sea just below water falls, 2°52’N, 9°54’E, Univ. Saarbrucken, 1-30 September 1993. 

Parasicydium bandama: MNHN_ 1979-152 (1) holotype, Cote d’Ivoire, Bandama River, Tiassalé, 
C. Leveque and D. Paugy; BMNH 1989.1.6.36 (1), Cameroon, River Lokunje and tributaries within 30 km of 
Bipindi, T. Roberts, 18—19 December, 1987; CU 90920 (1), Cameroon, Lobe River, Lobe rapids between 
ocean and bridge, 2.8782°N, 9.8987°E, J.P. Friel and J.P. Sullivan, 15 February 2004; CU 90226 (1), 
Cameroon, Lobe River, Lobe rapids between ocean and bridge, 2.8782°N, 9.8987°E, J.P. Friel and J.P. 
Sullivan, 15 February 2004; MRAC 80-48-P-1-2 (2), paratypes, Cote d’Ivoire, Bandama River, Tiassalé, 
C. Leveque and D. Paugy; MRAC 90-57-P-2438-2451 (14), Congo Brazzaville, river Mombi, affluent of River 
Kouilou, road from Kakamoeka to Sounda, 500m from Sounda bridge, G. Teugels, L. DeVos, and J. Snoeks, 
11 October 1990; MRAC 90-57-P-2452-2454 (3), Congo Brazzaville, river Mboulou, affluent of River 
Douvolo, affluent of river Loulimba, road from Bena I to Kakamoeka, approximately 2 km from Kakamoelka, 
4°07’N, 12°13’E, G. Teugels, L. De Vos, and J. Snoeks, 12 October, 1990; MNHN 1979-152 (3) paratypes, COte 
dIvoire, Bandama River, Tiassalé, C. Leveque and D. Paugy. 


RESULTS 


Two distinctive Sicydium morphotypes are distinguishable among the specimens taken during 
the CAS 2001 expedition to Sao Tomé and Principe. They differ in squamation, jaw morphology, 
lip morphology, the number of premaxillary tooth rows and teeth, head size, the length of first dor- 
Sal fin spines in adult males, and pigmentation. 

Of the 11 meristic features examined, eight were distinctive for the two forms (Appendix Table 
1). The number of premaxillary teeth most clearly distinguishes the two forms. One set of speci- 
mens, which includes the lectotype of S. bustamantei, has fewer than 50 premaxillary teeth; these 
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specimens are hereafter referred to that species (Fig. 1). The other group, which includes the holo- 
type of S. brevifile, has more than 60 teeth, often to more than 100 (Fig.1), and they are identified 
herein as that species. Specimens of S. brevifile usually have alternate teeth staggered in two rows 
visible above the gum. Only one exposed row 1s apparent in S. bustamantei. For both species we 
observed an increase in premaxillary tooth number with increasing size, the increase being most 
pronounced in S. brevifile between 20-40 mm SL and more gradual over the size range of S. bus- 
tamantei (Fig. 1). Although there was overlap for scale counts and the number of pectoral fin rays 
(e.g.. lateral scale rows, Fig. 2), a principal components analysis using meristic characters other 
than number of premaxillary teeth or premaxillary tooth rows gave clear separation of the two 
species on PC | (Fig. 3 and Appendix Table 2). Scale variables were the most important contribu- 
tors to specimen scores along the PC 1 axis. Sicydium brevifile has smaller scales than S. bustaman- 
tei as demonstrated in the higher mean scale numbers (Appendix Table 1). 

The two species also differ in morphometry (Appendix Table 3). As observed by Harrison 
(1993). Sicydium brevifile has a larger jaw that extends to the posterior margin of the orbit or 
beyond (Figs. 4-6). Other obvious differences of oral morphology include the presence of a medi- 
al notch in the upper lip of S. brevifile (Fig. 7), which is lacking in S. bustamantei, and the presence 
of a prominent median fleshy tubercle separating the premaxillary tooth rows in S. bustamantei, 
which S. brevifile lacks or has only weakly developed in smaller individuals. A principal compo- 
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nents analysis of morphometric characters also separated the species (Fig. 8 and Appendix, Table 
4) when PC | was plotted against PC 3. In addition to jaw length, head size and second dorsal fin 
and anal fin length differences contributed substantially to the distinction of the taxa (Appendix 
Table 3 and Fig. 9). Variance on PC 2 reflected size differences and sexual dimorphism for first dor- 
sal fin length. 


DISCUSSION 


Although Sicydium is the only sicydiine genus reported from islands in the Gulf of Guinea, 
some specimens borrowed from MRAC had labels indicating a proposed manuscript name that 
would assign one of the island forms to Sicyopterus. Other specimens from the mainland of Africa 
in some MRAC collections, MRAC 90-57-P-2435-2437 and MRAC 95-30-P-2367-2369, were 
assigned to the nomen nudum Sicyopterus imitoratus by R. Watson (Toham and Teugels 1997). 
Watson (2000) commented that Harrison (1993) had described Sicydium crenilabrum from speci- 
mens of two different genera in reference to some of the MRAC material he identified as 
Sicyopterus. Specimens of Sicydium brevifile and S. bustamantei obtained in the CAS 2001 expe- 
dition were examined for characters used to distinguish Sicydium and Sicyopterus proposed by 
Akihito and Meguro (1979: table 3). The premaxillary teeth of both species have long tips (exceed- 
ing half the length of the basal portion) that are sharply bent inwards to form about a 90° angle. The 
basal portion has a low inward process. The lateral cleft on the upper lip in both forms is close to 
the corner of the mouth. The maxillary in both species is as was illustrated for Sicydium cocoensis 
(Akihito and Meguro 1979: fig. 4). The dentaries of both species have projections of soft tissue sep- 
arating the dentaries and a pad of tissue posterior to the labial teeth. All of these characters are con- 
sistent with species of Sicydium. Specimens from Sao Tomé and Principe did not have gill rakers 
on the second arch as Akihito and Meguro (1979) observed in Sicydium plumieri and Sicydium 
cocoensis. Weighing all of the evidence presented above, we see no reason to assign any of the 
specimens from Sao Sao Tomé and Principe to Sicyopterus and regard the presence or absence of 
gill rakers on the second arch as uninformative in distinguishing these two genera. 


SYSTEMATICS 


Sicydium brevifile Ogilvie-Grant 


Figure 5. 


Sicydium brevifile Ogilvie-Grant, 1884:158, pl. 12 fig. 1. Type locality “Cameroons.” 
Sicydium bustamantei (not Greeff), Harrison, 1993:213 (in part). 


DIAGNOsISs.— A Sicydium species distinguished from other West African sicydiines by a 
smooth upper lip with a medial notch, a large jaw extending to the posterior margin of the orbit or 
beyond, premaxilla with alternate teeth usually staggered in two rows (although it may be difficult 
to distinguish the two separate rows) with more than 60 teeth on each premaxilla, reduced (small- 
er Specimens) or no medial tubercle separating premaxillary tooth rows, premaxillary teeth spatu- 
late and unicuspid, 40-50 horizontal teeth on each dentary, 50—64 scales in longitudinal series, 
17—24 transverse scale rows, abdomen completely covered by cycloid scales, and preopercular pore 
N present. 

DESCRIPTION.— Morphometrics given in Appendix Table 3. Mouth horizontal; posterior tip of 
the upper jaw reaching to or beyond posterior margin of the orbit. Interorbital broad. Branchial 
opening extending ventrally to level of origin of pelvic fin. Maximum observed size 103.6 mm 
SL,128.7 mm TL [ZSM 33223]. 

Lips AND JAWS. Upper jaw prominent. Lips relatively thick, width at median notch '4—h eye 
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Ficure 5. Sicydium brevifile. CAS 214659 (91.8 mm SL) from Ribeira Chimboto, Principe. Photograph by J.D. Fong. 


diameter. Upper lip smooth with median notch, lateral clefts and longitudinal furrow between outer 
lip and tooth row. No medial tubercle separating premaxillary tooth rows. Each premaxilla with 
63-136 long, slender setiform teeth, unicuspid and spatulate (Fig. 10), with alternate teeth usually 
staggered in two rows (although it may be difficult to distinguish two separate rows because they 
are positioned very close to each other). Each dentary with a row of (3, rarely [eg. ZSM 33223]) 
4-9 caniniform teeth, more or less equal in size, with anterior one or two slightly inclined lateral- 
ly. A single specimen (ZMH 8110) with apparently 2 caniniform teeth and 35 labial teeth on the 
dentary has been observed, however, this specimen is atypical and poorly preserved and is not 
included as representative for the species, as noted below. Ventrally each dentary with a row of 
40-50 horizontal, unicuspid setiform teeth, separated broadly from one another at symphysis by 
protrusion of soft tissue. Lower lip smooth with a dorsolateral fleshy lobe near each corner of mouth 
and bordered ventrally by a narrow band of small papillae. 

FINS. First dorsal fin VI, spines III or 1V may be elongate, may extend to last ray of second dor- 
sal fin in males. Second dorsal fin I, 10; anal fin I, 10; pectoral fins 18-21, reaching to vertical 
beneath sixth first dorsal fin spine; pelvic fins I, 5, disk length '4 distance from disk origin to anus; 
caudal fin truncate or rounded, 11—15 branched rays, 17-18 segmented rays in total. 

SQUAMATION. Suborbital and opercular regions of head naked. Predorsal scales cycloid, 17—25, 
extending anteriorly to above preopercle. Scales on flanks ctenoid, but cycloid at pectoral axilla and 
adjacent to dorsal and anal fins. Cycloid scales on abdomen, and dorsal and ventral surfaces of cau- 
dal peduncle. Scales in longitudinal series 50-64, not counting 2 or 3 present on caudal fin; 17—24 
transverse rows. 

CEPHALIC LATERALIS SYSTEM. Canal pores often small and indistinct. Oculoscapular canal 
extending from vicinity of anterior naris posteriorly to rear margin of opercle, pores A’, BCDFH/KL’ 
present (Fig. 11). Preopercular canal with three pores, M’ and N placed high on head, between mid- 
line of pectoral fin base and upper origin of axilla, O’ placed ventrally near horizontal through ven- 
tral origin of axilla (Fig. 12). Sensory neuromasts as illustrated (Figs. 11-12). 

PIGMENTATION (in life).— Color notes of adults from specimens taken in Principe (Maria 
Correa: TI-2001-028). Ground color olive-brown with white belly and underside of head; darker 
over head. Margins of scales on body darker, producing a finely cross-hatched pattern. Fins some- 
what yellowish, but first dorsal fin rays blackish; first and second dorsals with few spots (these 
spots sometimes much more prominent in other specimens and arranged in linear series to form 
irregular stripes). Anal fin with a thin white distal margin (usually bright orange in life) bordered 
proximally by a thin black stripe (some specimens from other areas with broad, almost entirely dark 
margin and much paler proximal portion of fin). Caudal fin paler along posterior and upper caudal 
margin (usually somewhat orangish in life), with a black horizontal or slightly diagonal streak sep- 
arating pale upper caudal margin from remainder of fin. Pelvic fins clear, white, with base of disk 
blood red, owing to blood vessels coursing close to surface of translucent fin membranes. In the 
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juveniles from this collection, the caudal fin had prominent, narrow black bands separated by clear 
areas, with the interspace between the penultimate and ultimate band bright reddish. 

PIGMENTATION (in alcohol).— POSTLARVAE AND EARLY JUVENILES. Head tan, evenly pigmented 
dorsally and laterally, with thin suborbital bar from eye to upper jaw, no spots; mental and branchial 
regions also pigmented. Occipital region and dorsum often with seven faint bars weakly contrasted 
with light tan ground color; when present bars extend ventrally nearly full depth of the flank (Fig. 
13a). Narrow basicaudal bar continuous ventrally and dorsally. First dorsal fin with dark broad sub- 
marginal band on dusky background, second dorsal fin dusky with dark ray tips. Caudal fin with 
spot confluent with basicaudal bar on trunk, underlying thin line of dark melanophores edging 
hypural; thin dark bar crossing caudal rays from dorsal to ventral margin just beyond base, second 
thin dark bar present midway between previous bar and end of fin; larger specimens with thin medi- 
al vertical bar and broad, dark distal margin, or dark submarginal distal band with anterodorsal and 
ventral extensions. Pectoral fins and anal fins unpigmented in smallest specimens, anal fin acquir- 
ing dark submarginal band in larger specimens. 

LATE JUVENILES AND ADULTS. Head and snout dusky, sometimes with broad dusky band on snout 
above upper jaw; cheek and opercle with many small speckles and some striations, sometimes 
including thin suborbital bar from eye to jaw; lighter ventrally. Dorsum and flanks with or without 
bars, when present seven dark dorsal bars may be very faint or, if more distinct they may have a 
vermiculated appearance dorsally, fading midlaterally on flanks. Flanks have freckled appearance, 
spots not evenly distributed except below midline over anal fin and on caudal peduncle. Barred pat- 
tern generally faded in larger specimens, but fine speckles on head still apparent. No basicaudal 
spot, caudal fin dusky, with dark diagonal submarginal band dorsally. First and second dorsal fins 
dusky, heavily speckled on and between fin rays. Anal fin dusky with dark submarginal band in 
females, dark margin in males. Pectoral fins dusky with spots on base and lighter near distal tips of 
rays. Pelvic disk unpigmented but with dark margin or spot on interspinal membrane in some spec- 
imens. 

REMARKS.— Harrison (1993) did not include the S$. bustamantei paralectotype ZMH 8110 in 
his redescription of S. bustamantei because it seemed aberrant. We reexamined the specimen and 
have determined it to be a specimen of S. brevifile. One of Harrison’s concerns was the length of 
the jaw compared to the holotype. This difference is simply explained by the differences in the SL 
of the two specimens (Fig. 4). Some of the difficulties encountered assessing the condition of the 
oral morphology are due to the poor condition of the specimen. 

DISTRIBUTION.— Found in rivers of the islands of Sao Tomé, Principe, and Pagalu (Annobon) 
in the Gulf of Guinea. Also collected from continental western central Africa at Limbe in 
Cameroon, and imported by aquarist dealers from Cameroon (no locality reported). 


Sicydium bustamantei Greeff 
Figure 6. 


Gobius bustamantei Greeff, 1882:37 (in part). Type locality Rio d’Ouro and Agoa Grande, Sao Tomé. 
Sicydium bustamantei Greeff, 1884:50 

Sicydium plumieri (not Bloch, 1786): Osorio, 1895:62,64. 

Sycidium plumieri (not Bloch, 1786): Osorio, 1895: 62; 1898:202. 

Lentipes bustamantaei Boulenger, 1916:46. 

2Sicydium brevifile (not Ogilvie-Grant, 1884):Monod, 1927:727 (in part); 1928:116 (in part). 
Sicydium sp. (aff. brefifilis Ogilv., 1884): Thys van den Audenaerde, 1965:317. 

Sicydium brevifile (not Ogilvie-Grant, 1884): Blache, 1962:73(in part); Blanc et al., 1968:251. 
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FiGurE 6. Sicydium bustamantei. CAS 214415 (49.4 mm SL) from Agua Micond6, Sao Tomé. Photograph by R. C. 


Drewes. 


DraGnosis.— A Sicydium species distin- 
guished from other West African sicydiines by 
a smooth upper lip with no medial notch, poste- 
rior tip of upper jaw extending to below anteri- 
or third or middle of orbit, one visible row of 
teeth on the premaxilla with fewer than 50 teeth 
on each side, premaxillary tooth rows separated 
by a fleshy medial tubercle, premaxillary teeth 
unicuspid with a medial longitudinal groove on 
a rounded anterior surface, 8—24 horizontal 
teeth on each dentary, 43—57 scales in longitu- 
dinal series, 13-20 transverse scale rows, 
abdomen entirely or almost entirely covered by 
cycloid scales (scales sometimes absent imme- 
diately adjacent to ventral midline), and preop- 
ercular pore N usually present. 

DESCRIPTION.— Morphometrics given in 
Table 3. Mouth horizontal; posterior tip of the 
upper jaw extending to below anterior third or 
middle of orbit. Interorbital broad. Branchial 
opening extending ventrally to level of origin of 
pelvic fin. Maximum observed size 100 mm 
SL, 101.7 mm TL. 

Lips AND JAWs. Upper jaw prominent. Lips 
relatively thick, width at median notch ‘h—4 eye 
diameter. Upper lip smooth and lacking promi- 
nent medial notch, if notch present, very light; 
lateral clefts and longitudinal furrow between 
outer lip and tooth row present. Fleshy medial 
tubercle separating premaxillary tooth rows. 


FIGURE 7. Ventral view of S. brevifile (left) and S. busta- 


mantei (right). 


Morphometric Variables 


¢ S. brevifile 
s S. bustamantei 


PC1 


PC3 
Ficure 8. Principal components analysis of morphomet- 
ric data plotting PC 1 and PC 3. 


Each premaxilla with 19-49 long, slender setiform teeth, unicuspid and rounded anterior surface 


974 


with medial longitudinal groove (Fig. 10). Each 
dentary with a row of 1-8 caniniform teeth, 
more or less equal in size, with anterior teeth 
inclined laterally. Ventrally each dentary with a 
row of 8-24 horizontal, unicuspid setiform 
teeth, separated broadly from one another at 
symphysis by protrusion of soft tissue. Lower 
lip smooth with a dorsolateral fleshy lobe near 
each corner of mouth and bordered ventrally by 
a narrow band of small papillae. 

FINS. First dorsal fin VI, spines HI or IV 
may be elongate, extending as far as 9th ele- 
ment of second dorsal fin in males. Second dor- 
sal fin I, 9-10; anal fin I, 9-10; pectoral fins 
17-20, reaching to vertical beneath fourth to 
sixth first dorsal fin spine; pelvic fins I, 5, disk 
length about equal to 4 distance from disk ori- 
gin to anus; caudal fin truncate or rounded, 
11-15 branched rays, 17-18 segmented rays in 
total. 

SQUAMATION. Suborbital and opercular 
regions of head naked. Predorsal scales 
cycloid, 10-24 extending anteriorly to above 
preopercle. Scales on flanks ctenoid, but 
cycloid at pectoral axilla and adjacent to dorsal 
and anal fins. Cycloid scales covering ab- 
domen, except sometimes absent immediately 
adjacent to ventral midline [ZSM 27435 speci- 
mens], cycloid scales on dorsal and ventral sur- 
faces of caudal peduncle. Scale rows in longitu- 
dinal series 43-57, not counting 2 or 3 present 
on caudal fin; 13—20 transverse rows. 

CEPHALIC LATERALIS SYSTEM. Canal pores 
often small and indistinct. Oculoscapular canal 
extending from vicinity of anterior naris poste- 
riorly to rear margin of opercle, pores 
A’BCDFH/KL’ present (Fig. 11). Preopercular 
canal usually with three pores, M’ and N placed 
high on head, between midline of pectoral fin 
base and upper origin of axilla, O’ placed ven- 
trally near horizontal through ventral origin of 
axilla (Fig. 12). Pore N absent in some speci- 
mens. Sensory neuromasts as illustrated (Figs. 
11-12). 
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Scatterplot of HD vs SL 


ae _ S. brevifile 
. §. bustamantei 


28 37 46 55 64 73 
SL 


FiGureE 9 Head depth and head length vs. SL for S. brevi- 


file (diamonds) and S. bustamantei (squares). 


EHT = 15.00k¥ WD= 16mm File Name = brevifiled2.tif 


30mm EHT =15.00k¥V WD= 4mm _ File Name = bustamantei-02.tif 


FiGurE 10. SEM of premaxillary teeth from S. brevifile 


(top) and S. bustamantei (bottom). 


PIGMENTATION (in alcohol).— POSTLARVAE AND EARLY JUVENILES. Spots develop on the cheek 
and opercle, and later pectoral fin base. Occipital region and dorsum with seven dark bars highly 
contrasted with light tan ground color; each anterior bar usually divided dorsoventrally by a thin 
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light strip: bars terminate just 
below the lateral midline (Fig. 
13b). Basicaudal spot prominent 
or equal to dorsal bars in pig- 
ment. In some specimens midlat- 
eral pigment of bars may darken, 
and with the basicaudal spot, 
form a horizontal midlateral 
band. Spines of first dorsal fin 
dark, four rows of spots on sec- 
ond dorsal fin. Caudal fin rays 
thinly outlined with melano- 
phores, no vertical bars present. 
Pectoral fins and anal fins unpig- 
mented in smallest specimens. 
LATE JUVENILES AND ADULTS. 
Head dark above and before eyes, 
many small dark spots running 
obliquely across cheek and oper- 
cle, unpigmented ventrally. 
Seven dark dorsal bars fading 
ventrally on flanks to light 
ground color. Flanks have 
checkerboard appearance, each 
scale having darkest pigment on 
posterior field, lighter or no pig- 
ment on anterior field. Barred 
pattern tends to fade in larger 
specimens, leaving no checker- 
board appearance, but spotting on 
head still apparent. Basicaudal 
Spot prominent, caudal fin rays 
pigmented, interradial membrane 
becoming dusky with lighter dis- 
tal margin in males, interradial 
membranes mostly clear in small 
females. First dorsal fin dusky, 
with darkest pigment on spines, 
and sixth ray sometimes with 
three white spots. Second dorsal 
fin in males with four (to ten?) 
rows of light spots and a light 
submarginal band offset against 
dark background membrane; in 
females with five rows of dark 
spots paralleling slope of fin mar- 


FiGurE 11. Dorsal view of cephalic lateralis oculoscapular canal pores and 
dorsal sensory neuromasts of S. brevifile (left) and S. bustamantei (right). 
Anterior nares (a) and posterior nares (b) also shown. 


FiGureE 12. Lateral view of cephalic lateralis preopercular canal pores, vis- 
ible oculoscapular canal pores and sensory neuromasts of S. brevifile (top) and 
S. bustamantei (bottom). Anterior nares (a) and posterior nares (b) also shown. 


gin. Pectoral fins dusky towards base, lighter distally, with spots on base. Anal fin weakly pigment- 


976 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 


ed with three rows of spots in 
females, dusky in males. Pelvic 
disk unpigmented. 
DISTRIBUTION.— Found in 
rivers of the islands of Bioko (Fer- 
nando P6o), Sao Tomé, Principe 
and Pagalu (Annobon). Harrison 
(1993) reports probable specimens 
from the Kribi River, Cameroon. 


Key to the West African 
Sicydiines 


la. Upper lip without lateral clefts; 
scales on dorsal and ventral 
parts of body not extending 
anteriorly beyond origin of sec- 
ond dorsal and anal fins respec- 
tively; males with canines on 
posterolateral parts of premaxil- 
la... . Parasicydium bandama 
Ib. Upper lip with cleft laterally 
near corner of jaw; scales pres- 
ent dorsally on nape or at least 
to origin of first dorsal fin; 
abdomen entirely covered with 
cycloid scales or only lacking 
scales at ventral midline; no 
canines present on premaxilla . 


2a. Posterior tip of upper jaw not 
usually extending posteriorly 
beyond vertical through mid- 
eye; fewer than 50 teeth in sin- 
gle row in upper jaw on each 
side, separated by median 
RUDETCIG Mie as eae y ers < 3 

2b. Posterior tip of upper jaw 
extending to below posterior 
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Ne a a 


FiGurE 13. Photographs of postlarval of (a) S. brevifile, CAS 214657 
(23.2 mm SL) from Rio Angob6, Sao Tomé, and (b) S. bustamantei, CAS 
214420 (18.0 mm SL) from Agua Maria Correia, Sao Tomé. 


margin of eye or beyond; 60 or more teeth on each side of upper jaw, usually in two rows, not 


separated by median tubercle 


i. ES ee a fe es dc Sicydium brevifile 


3a. Upper lip crenate; two pores in preopercular canal; adults with 2 or 3 suborbital bands of brown- 
ish-black pigmentation; adults with small dark spots on anterior of flanks, and 5—6 broad, verti- 
cal dark bands on flanks between first dorsal fin and caudal peduncle 


Soe Manas 2 ea eee Sicydium crenilabrum 


3b. Upper lip smooth; usually three pores in preopercular canal; head dark in adults, with numer- 
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ous dark spots over cheek and opercle; flanks with about seven dark bars in early juveniles, but 
in adults the bars are less distinct and flanks have a chessboard pattern of small light and dark 
[DELICLTOS «dsc Gere Ancien aS ane eg La Sicydium bustamantei 
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Appendix 
Tables 1-4 


TABLE 1. Mean and range (in parentheses) of meristic characters for Sicydium from 
Principe and Sad Tomé. 


S. brevifile S. bustamantei 

Mean and range SD n Meanandrange SD n 
1st dorsal spines 6 0 35516 0 56 
2nd dorsal elements 11 0.00 37° 11(10-11) 0.13 56 
anal fin elements 11(10-11) 0.16 37 11(10-11) 0.13 56 
pectoral fin rays 19.8(18-21) 0.95 38 18.9(17-20) 0.62 56 
branched caudal rays 13.2(11-15) 0.58 44 13.3(12-15) 0.93 34 
longitudinal scale rows 55.5(50-62) 2.74 38 48.6(43-57) 332 ee 
transverse scale rows 20.3(17-24) 1.64 37 =16(13-20) ES Siam 4 
caudal peduncle scale rows 18.3(16-20) 1.12 30 =14(12-15) 0.76 42 
predorsal scale rows 20.6 (17-25) 2.20 37 18.5 (10-24) 2.44 53 
exposed premaxillary tooth rows 2 (1-2) 028; 37) al 0 59 
premaxillary teeth 115.4 (76-136) 15.27. 34 29.1 (20-41) 7.04 58 
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TABLE 2. Eigenvalues and factor scores for six meristic characters used in principal components analysis. 


Cumulative 
Percent of percent of 
IKE Eigenvalues variance variance 
1 3.30239 55 55 
2 1.21526 20.3 15.3 
3 0.68654 11.4 86.7 
4 0.42811 Tl 93.9 
5 0.19747 333 97.2 
6 0.17023 2.8 100 
Factor PC 1 PC2 PES PC 4 PC 5 PC 6 
Longitudinal scales 0.5093 -0.0455 0.039 -0.1989 0.3947 = -0.7361 
transverse scales 0.4895 0.1539 -0.249 -0.1365 -0.8061  -0.0792 
branched caudal rays 0.1845 -0.716 0.5754 -0.2467 -0.1776 0.1728 
caudal peduncle scales 0.4862 0.1608 -0.192 -0.3896 0.3893 0.6305 
predorsal scales 0.3987 -0.3658 -0.2529 0.7846 0.1049 = 0.1289 
pectoral fin rays 0.2676 0.5496 0.7103 0.337 -0.0178 0.089 
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TABLE 3. Morphometric proportions. All measurements expressed as proportions of stan- 
dard length or head length if denoted with /HL. 


S. brevifile S. bustamantei 

N mean range SD N mean min SD 
anal fin length 28 0.32  (0.25-0.37) 0.04 34 0.28  (0.22-0.39) 0.05 
body depth 28 0.19 (0.17-0.21) 0.01 35 0.17. (0.15-0.19) 0.01 
caudal fin length 28 0.22 (0.17-0.25) 0.02 34 0.20 (0.18-0.23) 0.01 
caudal peduncle depth 28 0.13 (0.11-0.14) 0.01 34 0.12 (0.11-0.15) 0.01 
caudal peduncle length 28 0.19 (0.14-0.22) 0.02 34 0.21 (0.18-0.23) 0.01 
first dorsal fin length 28 0.33 (0.19-0.48) 0.09 35 0.22 (0.14-0.46) 0.08 
second dorsal finlength 28 0.39 = (0.30-0.46) 0.05 35 0.33 (0.27-0.47) 0.08 
head depth/HL 28 0.65  (0.59-0.74) 0.05 35 0.60  (0.52-0.75) 0.07 
head length 28 0.25 (0.22-0.27) 0.01 35 0.22 (0.20-0.24) 0.01 
interorbital width/HL 28 0.38  (0.29-0.43) 0.04 34 0.36 (0.25-0.44) 0.05 
upper jaw length/HL 28 0.66 (0.60-0.76) 0.06 34 0.44 (0.33-0.51) 0.04 
orbit/HL 28 0.22 (0.16-0.26) 0.02 34 0.23 (0.17-0.31) 0.04 
pectoral fin length 28 0.19 (0.16-0.22) 0.01 34 0.18 (0.16-0.20) 0.01 
pelvic fin length 28 0.13 (0.11-0.16) 0.02 34 0.12 (0.09-0.15) 0.01 
snout length/HL 28 0.48 (0.41-0.54) 0.03 33 0.48  (0.39-0.58) 0.05 


TABLE 4. Eigenvalues and factor scores for principal components analysis 
of sixteen morphometic characters. 


Cumulative 
Percent of percent of 

PC Eigenvalues variance variance 

l 294.417 91.7 91.7 

2 17.601 325 97.2 

3 4.31 13 98.5 

4 233 0.7 99.2 
Factor Pea PE2 PES PC 4 
SE 0.676 0.563 0.015 -0.28 
head length 0.151 0.067 0.338 0.094 
head depth 0.108 0.006 0.304 0.094 
jaw length 0.109 -0.152 0.64 0.361 
orbit length 0.019 -0.001 0.075 0.059 
snout length 0.075 0.039 0.188 0.028 
interorbital width 0.073 0.04 0.098 0.095 
body depth 0.12 0.05 0.125 0.099 
caudal peduncle depth 0.099 0.105 -0.035 0.022 
caudal peduncle length 0.129 0.168 -0.119 -0.195 
pectoral fin length 0.146 -0.021 0.021 0.042 
pelvic fin length 0.069 0.033 0.231 0.081 
caudal fin length 0.18 -0.046 0.015 0.033 
Ist dorsal fin length 0.387 -0.735 0.078 -0.527 
2nd dorsal fin length 0.381 -0.223 -0.325 0.446 
anal fin length 0.301 -0.132 -0.368 0.475 


Copyright © 2006 by the California Academy of Sciences 
San Francisco, California, U.S.A. 
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Description of A New Species of Thordisa (Nudibranchia: 
Discodorididae) from Panama 


Jamie M. Chan and Terrence M. Gosliner 
Department of Invertebrate Zoology and Geology, California Academy of Sciences, 
875 Howard St., San Francisco, California 94103; Email: tgosliner@ calacademy.org 


A new species of Thordisa is described from the Caribbean coast of Panama. The phy- 
logeny of the genus Thordisa from the tropical Indo-Pacific and eastern Pacific is 
revised. Morphological and anatomical data from Thordisa species were used to con- 
struct a phylogeny with increased resolution. The phylogenetic analysis demonstrates 
the monophyly of Thordisa and its relationship to outgroups Asteronotus, Halgerda, 
and Hoplodoris. 


The dorid nudibranch genus Thordisa Bergh, 1877, consists of 31 species currently recognized 
as valid. The genus has been monographed recently (Chan and Gosliner, in press). Several species 
of Thordisa have been recently described by different authors (Chan and Gosliner, in press; Ortea 
and Valdés 1995; Cervera and Garcia-Godmez 1989; Behrens and Hendersen 1981; Lance 1966). 
One new species of Thordisa is described from the Caribbean coast of Panama. A revised analysis 
of the phylogeny of the genus Thordisa is presented here, using three outgroup taxa: Asteronotus 
cespitosus van Hasselt, 1824, Halgerda dalanghita Fahey and Gosliner, 1999, and Hoplodoris 
estreyaldo Gosliner and Behrens, 1998. 

Additional data were taken from the original publications on Thordisa (Marcus 1955; Pease 
1860). The following species were examined directly: 7: bimaculata Lance, 1966; T: filix Pruvot- 
Fol, 1951; 7. rubescens Behrens and Henderson, 1981; 7: sanguinea Baba, 1955; T. azmanii 
Cervera y Garcia-Gomez, 1989; T. oliva Chan and Gosliner, 2006; T: luteola Chan and Gosliner, 
2006: T. albomacula Chan and Gosliner, 2006; 7; nieseni Chan and Gosliner, 2006; and T. tahala 
Chan and Gosliner, 2006. Thus, previous literature and direct observation and dissection of 14 
species of Thordisa and members of the outgroup have provided the information on the characters 
for the present study. 


Thordisa harrisi Chan and Gosliner, sp. nov. 
Figures 1-4. 


MATERIAL EXAMINED.— Hototyre: CASIZ 171542 one preserved specimen, Bocas del Toro, 
Panama, 2 m depth, 19 June 2005, Larry Harris, length 35 mm (dissected). 

DISTRIBUTION.— This species is only known from the Caribbean coast of Panama (present 
study). 

ETYMOLOGY.— This species was named for Larry Harris, Professor of Zoology, University of 
New Hampshire, who has been a mentor and a colleague of the second author for many years. Larry 
collected the holotype of this new species. 

EXTERNAL MORPHOLOGY.— The body of the living animal is oval with a low profile (Fig. 1A). 

981 


982 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Fourth Series, Volume 57, No. 35 


The notum bears long, villous papillae and 
rounded tubercles. The longest papillae are con- 
centrated in the middle of the dorsum (Fig. 1B). 
Some of the longest papillae are bifurcated at 
the base. The rhinophores are perfoliate with 
20-25 lamellae each. The rhinophoral sheath is 
highly papillate, with 15 papillae along the 
inner margin. The gill is completely retractile 
and surrounded by a low even sheath. The six 
gill leaves are tripinnate and do not extend 
beyond the edge of the notum. The anterior 
margin of the foot is bilabiate (Fig. 1C). The 
oral tentacles are digitiform and do not extend 
beyond the margin of the foot. The notum of the 
living specimens has a bright orange ground 
color with translucent papillae and tubercles. 
There are small rust-colored spots dispersed 
over the notum and two brown oval spots in the 
center that extend from the anterior of the gill 
pouch toward the rhinophores. The rhinophores 
and gill are opaque brown. The color of the foot 
of the live specimens is solid orange. On the 
ventral side of the mantle is a small red ring of 
dots surrounding the foot. 

ANATOMY.— The labial cuticle is smooth 
and devoid of rodlets. The radula formula is 
34x 2-3-1.33-35.0.33-35.1.2-3 at the 15" row 
from the anterior of the radula. The innermost 
lateral teeth are smaller, hamate and have a 
large, wide base (Fig. 2A). The middle lateral 
teeth are hamate with slender bases and long 
finger-like tips (Fig 2B). They slightly increase 
in size toward the margin. The third tooth from 
the margin is bifurcated at the tip (Fig. 2C). The 
two to three outer teeth are thinner, having fine 
pectination at the tips (Fig. 2D). The central 
nervous system consists of partially fused cere- 
bral and pleural ganglia. The pedal ganglia are 
situated ventrally and extend outside the junc- 
tion of the cerebropleural ganglia. They are 


FiGureE |. Photograph of living animal Thordisa harrisi 
sp. nov. (CASIZ 171542) A. dorsal view. B. Dorsal/side view. 
C. ventral view. Photos by Sigmer Quiroga. 


connected by a circum-esophageal nerve ring (Fig. 3B). The stomach is partly free and medial, and 
rests on the digestive gland. The digestive gland is approximately twice the length of the stomach. 


The intestine is straight and dorsally situated. 


The ampulla is straight and then curves once before ending in the female gland mass (Fig. 3A) 
via a short oviduct. The ampullary hermaphroditic duct is three times the length of the duct con- 
necting the prostate. The base of the ampulla meets the uterine duct where the prostate gland begins. 
The prostate is approximately the same length as the ampulla. The more proximal white portion of 
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FiGuRE 2. Thordisa harrisi sp. nov. (CASIZ 171542) Scanning Electron Micrographs A. inner lateral teeth B. middle 
lateral teeth C. outer lateral teeth. D. close up of outer lateral teeth. 


A 


Ficure 3. Thordisa harrisi sp. nov. (CASIZ 171542). A. Reproductive System. Scale bar = 1.0 mm. Abbreviations: am, 
ampulla; be, bursa copulatrix; ej, ejaculatory duct; fg, female gland; pr, prostate; rs, receptaculum seminis; v, vagina: vg, 
vestibular gland. B. Central nervous system. Scale bar = 1.0 mm. Abbreviations: cnr, circum-oesophageal nerve ring; e, eye: 
Icpg. left cerebral-pleural ganglia; rpg, right pedal ganglia; Irn, left rhinophoral nerve. 
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the prostate is longer and thinner than the distal yellow portion. The muscular portion of the vas 
deferens is long and slightly curved. The penial sheath is unarmed. A bi-lobed, unarmed vestibular 
gland connects to a separate vestibule adjacent to the genital atrium. The lobes of the gland are long, 
slender and finger-like. The unarmed vaginal duct is straight and thinner than the vas deferens. It 
leads to the bursa copulatrix, which is approximately twice as large as the receptaculum seminis. 
The duct of the receptaculum seminis is short and straight. 

DISCUSSION.— This is the second Thordisa species known from Panama. The first species 
described from the Pacific coast is T: nieseni (Chan and Gosliner 2006), while the present species 
is found on the Caribbean side of the isthmus. Thordisa harrisi, can be distinguished from T: nieseni 
by its bright yellow mantle color, long slender vestibular glands, and bifurcated outer tooth. 
Thordisa nieseni 1s a bright red mantle color and has pectinate outer teeth. 

Thordisa harrisi is similar to a recently described discodorid species “aliciae“ (Dayrat 2005). 
Discodorididae “aliciae” is found on the Pacific coast in Panama and has a similar external mor- 
phology, yet lacks both pectination of the marginal teeth and a vestibular gland. We re-examined 
the type material of “aliciae” housed in the collection at the California Academy of Sciences and 
confirmed the absence of a vestibular gland. Discodorididae “aliciae” also has a series of black 
spots on the undersurface of the mantle that are absent in Thordisa harrisi. 

PHYLOGENETIC ANALYSIS OF THORDISA.— The character states recorded for each species of 
Thordisa, were placed into a data matrix from MacClade version 4.0 (Maddison and Maddison 
2000) (Table 2). All characters used have equal weight and are unordered (Table 1). Six characters 
were deleted from the analysis due to being phylogenetically uninformative. The characters delet- 
ed are the morphology of the rhinophore sheath (2), the rachidian tooth (4), the relative size of the 
bursa copulatrix compared to the receptaculum seminis (16), the color of the mantle (19), the man- 
tle pattern (20) and the rhinophore color (23). Characters 19 and 20 were omitted because their 
states had many intermediate conditions. The data were analyzed by Phylogenetic Analysis Using 
Parsimony (PAUP*) version 4.0 (Swofford 2003). A heuristic search was performed with the opti- 
mality criterion of maximum parsimony. The stepwise addition option of random trees was used, 
with 100 repetitions, starting from random start trees. Bremer support values (Bremer 1988) were 
calculated to estimate branch support using PAUP*. Character tracing was performed to understand 
the characters that united resulting clades. 

To establish the polarity of the morphological characters used in this study, three outgroup taxa 
(Asteronotus cespitosus, Hoplodoris estrelyado, and Halgerda dalanghita) were used based a 
review of anatomical characters as described in Valdés and Gosliner, 2001; Gosliner and Behrens, 
1988 and Fahey and Gosliner, 1999. We used these outgroups based on the phylogenetic study by 
Valdés (2002). In Valdés’ study, these taxa were more closely related to Thordisa than other taxa. 


The following characters were considered in this analysis: 
[The characters preceded by an asterisk were deleted from the final analysis because they were phylogeneti- 
cally uninformative) (0) = presumed pleisiomorphic (1) = apomorphic, ? = missing data or not applicable. ] 


1. Labial pits— The derived character state is only found in 7: oliva and T. diuda (1). In all 
other species the pits are absent (0). 

2. *Rhinophoral sheath.— There is observed intraspecific variation within the rhinophore 
sheaths of Thordisa. Some species are observed to have scalloped edges (1) and others are straight. 
The outgroups Asteronotus cespitosus, Hoplodoris estrelyado, and Halgerda dalanghita are all 
known to have straight sheaths (0). 

3. Gill— All of the outgroup taxa, Asteronotus cespitosus, Hoplodoris estrelyado, and 
Halgerda dalanghita have tripinnate gills (0). Four of the examined species, T. nieseni, T.: azmanit, 
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Character 0=Plesiomorphic __1=Apomorphic | 2=Apomorphic _3=Apomorphic 
1 Labial pits O=absent l=present 
2 Rhinophoral sheath O=straight 1=scalloped 
3 Gill O=tripinnate 1=bipinnate 
4  Rachidian tooth O=absent l=present 
- Inner lateral teeth compared 
5 O0=same l=smaller 


to middle lateral teeth 


6 Shape of inner lateral teeth 0=hamate 1=denticulate 2=bifurcate 

7 Shape of middle lateral teeth 0=smooth 1=denticulate 

8 Shape of outer lateral teeth O=simple 1=pectinate 

9 Vestibular gland O=absent l=present 

10 Number of vestibular glands 0=one l=two 

11 Vestibular gland shape 0=pouch l=coil 2=lobate 

12 Vestibular gland spines O=absent l=present 

13 plumber gE yestular Q=absent l=one 2=two 
gland spines 

14 Vaginal spines Q=absent l=present 

15 Penial spines OQ=absent l=present 

16 Bursa copulatrx oe O=rs is smaller l=equalin size | 2=be is larger 
receptaculum seminis 

17 Papillae O=short 1=villous 

18 Compound papillae O=absent l=present 


19 Mantle color 0=brn/blk/olive —_‘1=tan/translucent 2=yellow 3=orange/red 


l=no distinct 
pattern 


20 Mantle pattern O=distinct 


Turbercle coloration vs. 
21 Q=contrast 
mantle color 

22 Gill color 


23 Rhinophore color 


l=same color 


O=light color 1=dark color 


O=dark color 1=light color 


T. villosa and T. filix have bipinnate gills (1). 7. sabulosa Burn, 1957 is the only other Thordisa that 
has been described with bipinnate gills. 

4. *Rachidian tooth.— The rachidian tooth is absent in all specimens (0). 

5. Inner lateral teeth compared to outer lateral teeth The inner lateral teeth of most 
species were considerably smaller than middle lateral teeth (1). Four Thordisa (T. albomacula, T. 
azmanii, T. villosa, and T. tahala) have inner teeth that are equal to the size of the middle laterals 
(O) as do the outgroup taxa. 

6. Shape of inner lateral teeth — The shape of the inner lateral teeth can be simply hamate, 
denticulate or bifurcate. Only Thordisa oliva was observed to have consistently bifurcated inner 
teeth (2). Thordisa nieseni can have bifurcated tips or simply hamate inner teeth (2). Thordisa albo- 
macula, T. setosa, and T. tahala have denticulate inner teeth (1) whereas the remaining nine species 
have simply hamate inner teeth (0). 

7. Shape of middle lateral teeth.— The middle lateral teeth are either denticulate or simply 
hamate. Asteronotus cespitosus, Hoplodoris estrelyado and Halgerda dalanghita have smooth mid- 
dle teeth (0). Thordisa oliva, T. nieseni, T. villosa and T. luteola have smooth hamate middle teeth. 
Thordisa tahala, T. albomacula, and T. setosa have denticulate middle lateral teeth (1). 

8. Shape of outer lateral teeth.— The outer lateral teeth of all Thordisa are pectinate (1). 
Asteronotus cespitosus, Hoplodoris estrelyado and Halgerda dalanghita have simple teeth (0). 


986 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Fourth Series, Volume 57, No. 35 


9. Vestibular gland.— The vestibular gland is present (1) in all Thordisa except T. hilaris (Kay 
and Young 1969). A gland is also present in Asteronotus cespitosus and Hoplodoris estrelyado (1). 
A vestibular gland is absent in Halgerda dalanghita (0). 

10. Number of vestibular glands.— Thordisa has either one (0) or two vestibular glands (1). 
Two vestibular glands occur in six of the recently described species. This character is not applica- 
ble to Halgerda dalanghita (?). 

11. Vestibular gland shape.— Vestibular glands were categorized into three distinct shapes: 
pouch, coiled and lobate. 7: filix is the only Thordisa observed to have a long and coiled vestibular 
gland (1). Three species (7? albomacula, T. tahala and T. setosa) have lobate vestibular glands (2). 
The remaining taxa have vestibular glands that are pouch shaped (0). This character is not applica- 
ble to Halgerda dalanghita (?). 

12. Vestibular gland spines.— The presence of vestibular glands spines occurs in seven 
Thordisa species and Asteronotus cespitosus and Hoplodoris estrelyado (1). This character is not 
applicable to Halgerda dalanghita and is unknown for Thordisa diuda and T. setosa (?). Absence 
of spines is coded (0). 

13. Number of vestibular gland spines.— The number of vestibular gland spines increases 
with the number of vestibular glands. Thordisa azmanii, T: bimaculata, T. villosa, T. oliva, and T. 
tahala all have one vestibular gland spine (0). 7: nieseni, T: rubescens, and T. luteola all have two 
vestibular gland spines (1). Halgerda dalanghita, Thordisa albomacula, T. diuda, T. filix, T: san- 
guinea, T. harrisi and T. setosa do not possess vestibular gland spines. In several species, it is either 
not applicable or unknown (?). 

14. Vaginal spines.— Vaginal spines are present in Thordisa luteola, and T. rubescens and (1). 
This character is unknown for Thordisa bimaculata, T. diuda, T. filix, and T: setosa (?). Absence of 
spines is coded (0). 

15. Penial spines.— Penial spines usually occur as a single large spine or a series of small 
spines surrounding the penis. Penial spines occur in five of the Thordisa species (1). This character 
is unknown for T. rubescens and T. setosa (?). Absence of spines is coded (0). 

16. *Bursa copulatrix vs. receptaculum seminis.— The receptaculum seminis (rs) is small- 
er than the bursa copulatrix (bc) in all the taxa (0) examined except for Thordisa sanguinea. 

17. Papillae.— Villous papillae occur in thirteen of the Thordisa species (1). Thordisa bimac- 
ulata and all the outgroup taxa have shorter papillae throughout their mantle (0). 

18. Compound papillae— Compound papillae are only found in Thordisa luteola and 
Thordisa harrisi (1). Absence of papillae is coded (0). 

19. *Mantle color.— Mantle color was categorized into four color groups, a brown/black/olive 
group (Q), a tan/translucent color (1), yellow colored (2) and an orange/red color (3). 

20. *Mantle pattern.— There are distinctive mantle patterns (0) found in species studied with 
the exception of Thordisa azmanii, T. filix, T. luteola, T. nieseni, and T. oliva, which all possess a 
solid colored mantle (1). 

21. Tubercle or ridge color vs. mantle color.— Tubercle or ridge color is a contrasting color 
to mantle color (0) in all species with the exception of Thordisa filix, T. nieseni and T: sanguinea 
(1). Halgerda dalanghita does not possess tubercles on its mantle (?). 

22. Gill color.— The gill of all species was light in color (0) with the exception of Thordisa 
luteola, T. rubescens, T. harrisi, and Hoplodoris estrelyado (1). 

23. *Rhinophore color.— The rhinophore color is dark for Thordisa villosa, T: rubescens, T. 
sanguinea, T. setosa, T. harrisi, Halgerda dalanghita, Asteronotus cespitosus and Hoplodoris 
estrelyado (QO). No variation among species was observed and this character was excluded. 
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TABLE 2. Data Matrix. Character states in species of Thordisa and the outgroup taxa 
Asteronotus, Halgerda, and Hoplodoris. 
? = missing or not applicable, 0 = presumed pleisiomorphic, 
1 = apomorphic, 2 = apomorphic 3 = apomorphic 


Species ole) ARTS) yeah ey SiO) It aL) TSS oI SS) 1G), GP Te IG) Xo) Dike Wa) A223 
T. albomacula D5 OO.) Oo Whos a OSA Oy. 20) a 10) i OA: © OO. 1 
T. azmani OF el SOR Or 0 Wee De Oss OO) ONO) TO the ik On Ord 
T. bimaculata OO) ORs 30 Ve Ore ON lO ONO aa OO: «Oy i 
T. diuda OO EO Oe ike De Oy OP Pe Ok OO) <0: O-O A 
T. filix DQ Ok Oa Oe Os Tee AO a Oe, Oa alk le Os il 
T. luteola Oa OO Os Oe i a Oe a ah Oy ab th De a- OT *® 
T. villosa Ose sO OOS OR els 0 On 10 OO Om On 2) Ol OL Ona 
T. nieseni OO Rel Ol? OR eels Oss eae le SO Ons Opel Oh 310 sells Omen 
T. oliva LENO OR OT 2 OF Se ORO ORs Oe OM Oe} ON el Oa Opes 
T. rubescens (> I Oe Oe a= il) Ne Aa eh Os Be): Oe) 
T. sanguinea OOO ROSS OO ie OstOr eo Oe OO Ie OLes 0) ie ORO 
T. setosa Oy OOO ah ah a eR eR Pe I ONO OL On O20 
T. tahala 0) 0), ke Ik I ihe Os eS OW 1010 0 0 0 0 1 
T. harrisi Oil Oe Oral Oe OP sO Ope? OVO Ly20> Ory 0 
Halgerda dalanghita 0 0 0 0 O Oe) Pre ae OF ORO MOM 2E Om c72 20.570 
Asteronotus cespitosus 0 0 0 0 00 0 01 02 1 0 000 0 00 0 0 0 
Hoplodoris estreylado 0 0 0 0 00 00 1 00 1 0 0 1 00 00 0 0 1 0 

RESULTS 


One parsimonious tree was produced (Fig. 4). The tree required 37 steps and had a consisten- 
cy index of 0.541 and retention index of 0.653. Bremer support was (1) for all branches except for 
clades A and E, which have a Bremer support of (2), as does the clade containing Halgerda 
dalanghita and Asteronotus cespitosus. 

Clade A corresponds to the ingroup, Thordisa. Clade A is united by the presence of inner lat- 
eral teeth that are smaller than the middle lateral teeth (5), pectinate outer laterals (8), one vestibu- 
lar gland (10), and the presence of penial spines (15). This clade includes 14 taxa classified in the 
genus Thordisa. Clade B is united by the presence of villous papillae (17). Clade C is united by the 
absence of vestibular gland spines (12). Clade D is united by the presence of labial pits (1). Clade 
E is united by the presence of denticulate inner lateral teeth (6), denticulate middle lateral teeth (7), 
and a lobate vestibular gland (11). Clade F is united by a reversal from the possession of two 
vestibular glands to a single one (13). Clade G is united by a reversal of the presence of inner lat- 
eral teeth equal in size to middle lateral teeth (5). Clade H is united by the absence of penial spines 
(15). Clade I is united by the presence of two vestibular glands (10). Clade J is united by the pres- 
ence of vestibular gland spines (12), which are two in number (13). Clade K is united by the pres- 
ence of bipinnate gills (3). Clade L is united by the presence of vaginal spines (14) and a dark gill 
color (22). Clade M is united by the reversal of the presence of inner lateral teeth equal in size to 
the middle lateral teeth (5). 
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Halgerda dalanghita 
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FicureE 4. Preliminary phylogeny of Thordisa. Strict consensus tree of one most parsimonious trees. Asteronotus, 
Halgerda, and Hoplodoris were chosen as outgroup taxa to polarize the characters. T=Thordisa. Numbers above lines are 
character numbers: underlined numbers indicate reversals and numbers in parentheses are character states (Table 1). Letters 
A to J indicate the 10 clades that constitute the hierarchical pattern resulting from the analysis. Numbers below are Bremer 
support values. 
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DISCUSSION 


Our analysis demonstrates the monophyly of Thordisa and its relationship to the outgroups 
Asteronotus, Halgerda and Hoplodoris. Pectinate outer lateral teeth are a strong synapomorphy of 
the genus. Characters of the reproductive system such as vestibular gland morphology and genital 
armature can prove to be important for distinguishing species of Thordisa. The unique pits on the 
mouth of Thordisa diuda and Thordisa oliva are significant for uniting the two sister species. 
However, re-examination of other type species should be done to confirm absence or presence of 
this feature. It is clear that there are several homoplastic characters in our analysis such as teeth size 
and the number of vestibular glands. Much of the topology of our current tree is similar to the first 
preliminary phylogeny of Thordisa (Chan and Gosliner, in press). The current tree has increased 
resolution. In particular, the previous trichotomy containing Thordisa villosa, T. nieseni and T. 
azmanii is now fully resolved to show T: azmanii and T: villosa as more closely related to each other 
than to 7: nieseni. The newly described species Thordisa harrisi is the most basal member of Clade 
H. Many species of Thordisa are incompletely described and will need re-evaluation as more mate- 
rial becomes available. Further character analysis and testing of the data are needed to strengthen 
the phylogenetic hypothesis of the genus Thordisa. 
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The Jesuit Polymath Athanasius Kircher (1602—1680) has lately been characterized as “the last 
man who knew everything” (Findlen 2004). He certainly knew, and wrote about, a great deal 
(Godwin 1979). Knowing “everything” obviously was a lot easier in the Baroque era than it is 
today. But more was required than just brute memory. Kircher attempted to create a universal 
knowledge system, including the apparatus necessary for managing it. That meant elaborating tech- 
niques for organizing, classifying, and cataloging knowledge. Indeed, he made a substantive con- 
tribution to the approach that is still used in structuring libraries and creating information retrieval 
systems. An approach like his assumes that the knowledge to be organized is already at hand, or at 
least that it can be supplied by filling in the blanks. 

Kircher’s thinking was obviously grounded in Christian theology and the philosophy that sup- 
ported it. For Kircher, the object of knowledge was God’s thought, and it was to be obtained from 
the Bible on the one hand and from the natural revelation that was manifested in the creation. 
Knowledge was to be found in the order of things reflecting the ideas of the Creator, and therefore 
in classification and in the language that expresses that classification. It was not derived through 
observation and experiment of the sort that was advocated by some of his contemporaries, such as 
Galileo. Moreover, he embraced a kind of mysticism that strongly affected his thinking about sci- 
entific topics. He was, thus, a transitional figure in the history of early modern science. And, for 
that reason, his work is particularly instructive as an example of efforts to reconcile traditional 
scholarship with the kind of scientific knowledge that was emerging at the time. 

Kircher of course accepted the biblical account of the creation of the world and its inhabitants 
in six days. Likewise he rejected the heretical view that the earth moves round the sun. But what is 
most striking to us moderns is his vision of the overall plan of creation, as explained in his Ars 
Magna Lucis et Umbrae [The Great Art of Light and Shadow] (Kircher 1646). It was not just that 
God created man in His own image, as is stated in the Bible (Genesis 2:27, 5:1). The world in its 
entirety reflected the same basic pattern. In other words, Kircher accepted the macrocosm-micro- 
cosm analogy, with its system of mystic correspondences between the parts of the human body 
(microcosm) and the parts of the universe as a whole (macrocosm). He even envisaged the brain as 
analogous to a theatre in which a kind of drama gets acted out. In the light of Christian theology, 
there is nothing exotic about that. The structure of the world is presented by God’s words. To speak 
for Him meant to create. This systematics reflects the grammar of God’s language. When man could 
adapt his language to God’s, his mind would represent the world as God had designed it. That 
notion provided for a systematic correspondence between the intellect and the material world. The 
rules, grammar, and vocabulary would be one and the same. Because the human mind and body on 
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the one hand and the world as a whole on the other are modeled upon the Divine Mind, an under- 
standing of that Mind provided the key to understanding the natural world as well. That, of course, 
required some intellectual apparatus, which Kircher was particularly well qualified to supply. 

One source of knowledge was the study of language, as expounded among other places in a 
book entitled Turris Babel [The Tower of Babel] (Kircher 1679). Kircher’s views on these matters 
were influenced by the Cabbalah and other occult metaphysical sources that are often discussed 
under the rubric of the “Hermetic tradition” (Yates 1964, 1979; Idel, Kiener, and Dan 1986). One 
notion that he derived from such sources was that God has a perfect language, and it was in that 
language that God spoke to Adam and Eve in the Garden of Eden (cf. Eco 1995). As the Bible (John, 
1:1) puts it, “In the beginning was the Word, and the Word was with God, and the Word was God.” 
That language, which had subsequently been lost, would have provided a much better access to 
reality than those that were spoken later. Consequently, there was a strong motive for reconstruct- 
ing it. The grammar would give the fundamental laws of the universe. If one could find the laws in 
all languages, then one would have a formula for knowing everything. Kircher explained how he 
thought that this could be accomplished in a book entitled Oedipus Aegyptiacus [The Egyptian 
Oedipus] (Kircher 1652-4), in which he claimed to have discovered the secret of hieroglyphic writ- 
ing (Schmidt-Biggemann 2001). Even the less perfect languages were thought to provide access to 
the divine reality. Hence the etymologies of words were taken very seriously indeed as indicators 
of the nature of the things to which they refer. 

Kircher’s manner of reasoning is well exemplified in an exegesis of the Biblical account of the 
Noachian Deluge in Arca Noé |Noah’s Ark] (Kircher 1675) (Fig. 1). The main focus here is not the 
Flood, but the vessel. Working its structure out, even to the minutest detail, was a way of making 
the fundamental laws that govern everything explicit. His reason for giving such a detailed account 
was not to provide the reader with useful information, but rather to show that everything 1s consis- 
tent. As Kircher explains, Noah was just the fabricator of the Ark; God himself was the architect. 
Indeed, God went so far as to instill into Noah the knowledge of how to construct the Ark (pp. 
23-24). So the Ark would be a marvelous work, comparable to the seven wonders of the ancient 
world (p. 1). Reconstructing it may be considered an exercise in “intelligent design,” in so far as 
the imperfect, human intellect might approach the problem through understanding the perfect, 
divine intellect. The Ark, its contents, and their systematic arrangement, would all be concrete man- 
ifestations of God’s intelligence. It would be a kind of model of everything. 

The account in the 6" book of Genesis is very sketchy. The King James version reads: 


14 Make thee an ark of gopher wood; rooms shalt thou make in the ark, and shalt pitch it 
within and without with pitch. 

15 And this is the fashion which thou shalt make it of: the length of the ark shall be three 
hundred cubits, and the height of it thirty cubits. 

16 A window shalt thou make in the ark, and in a cubit shalt thou finish it above; and the 
door of the ark shalt thou set in the side thereof; with lower, second and third stories shalt 
thou make it. 


Kircher was an accomplished linguist, and he provided not only a quotation from the Vulgate, 
but also versions in Hebrew, Greek, Arabic, Chaldean and Syriac, each with a Latin translation (pp. 
16-18). Kircher figured out that “gopher wood” is really several kinds of wood (p. 19), and eluci- 
dated what is meant by the “bitumen” or pitch that was used in calking (20-21). He explains, in 
great detail, what a cubit is, and then goes on to calculate the volume of the Ark. 300 cubits long 


~ Ficure 1. Fronticepiece of Arca Noé (Kircher 1675). 
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by 50 cubits wide by 30 cubits 
high gives 450,000 cubic cubits. 
The arithmetic is quite straight 
forward, and does not do justice 
to the fact that Kircher, although 
he made a fool of himself by 
claiming to have squared the cir- 
cle, was an outstanding mathe- 
matician. The reasoning behind 
the proportions, which gave him 
the width, is a bit more obscure. 
It derives from the macrocosm- 
microcosm analogy mentioned 
above. Kircher believed that man 
was created in God’s image, and 
concluded that the proportions of 
the Ark would be those of the 
human body (pp. 33-34) (Fig. 2). 

That allowed him to con- 
clude that the Ark was 50 cubits 
wide. He seems to have applied 
this criterion without feeling any 
need to justify it or to consider 
any alternatives. A diligent schol- 
ar, Kircher did cite earlier authors 
for alternatives to his reconstruc- 
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FIGURE 2. Proportions of the human body used to infer those of the Ark. 


(Kircher 1675) 


tion of it as a barge-like vessel (p.43). 

The basic plan was a kind of rectangular box (Fig. 3), with three levels, each containing corri- 
dors and rooms, covered by a sloping roof with a peak along the midline of the vessel. The birds 
were housed together with people on the top level, the remaining animals on the bottom level. The 


supplies and equipment were stored in between. Kircher’s 


diagram shows the precise arrangement 


of rooms in the Ark, and enumerates which animals or supplies were housed in each of them. Down 
below there were bilges into which excrement made its way. 


hy 


bs aL aon > 


FIGURE 3. The Ark. (Kircher 1675) 
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The relative dimensions of the rooms within are evident from the floor plans (Fig. 4), and from 
a perspective view that is presented at the end of the first section of the book (Fig. 5). We will not 
go into the details with respect to living quarters, because for our purposes what is really interest- 
ing is how Kircher decided which animals had to be accommodated and which did not. Obviously 
there had to be room for fully terrestrial animals such as birds and mammals, which otherwise 
would drown along with the wicked human beings. Also on board were a few snakes (Fig. 6) and 
semi-aquatic creatures such as crocodiles and seals. 

Kircher’s list of fully terrestrial animals on board the Ark begins with the elephant, and that at 
least happens to be the one with which the Roman naturalist Pliny begins in his famous Natural 
History. At any rate, big animals come first, small animals last. The Latin names are so familiar as 
modern genera that we might as well provide the originals: 1) elephas [elephant], 2) camelus 
[camel]. 3) bos [cattle], 4) monoceros or unicornus [unicorn], 5) rhinoceratum |rhinoceros], 6) 
bubalus |buffalo], 7) alce [elk], 8) equus [horse], 9) tigris [tiger], 10) ursus [bear], 11) leo [lion], 
12) cervus [deer], 13) asinus [ass], 14) onager & bonasus |wild ass], 15) lupus [wolf], 16) pardus 
or panthera [panther], 17) capra [goat], 18) ovis [sheep], 19) porcus [pig], 20) canis [dog], 21) 
vulpes |fox], 22) felis or cattus [cat], 23) lepus [hare], 24) cuniculus [rabbit], 25) sciurus [squirrel], 
26) mustella [weasel], 27) viverra [ferret], 28) taxis or melus [wolverine], 29) glis [mouse], 30) eri- 
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Ficure 4. Floor plan for the Ark. (Kircher 1675) 
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FIGURE 7. Rhinoceros as depicted in Arca Noé, evidently copied from Gesner. (Kircher 1675) 


naceus |hedgehog], 31) histrix [porcupine], 32) simia [tailless monkey], 33) cercopithecus [tailed 
monkey]. From his illustrations it is obvious that Kircher relied heavily on the work of the great 
Swiss naturalist Conrad Gesner (1516-1565) for his information about the diversity of animals 
(Fig. 7). There is no obvious classification in any of his lists of animals, and the order is not always 
the same. A few forms that are not listed earlier, such as the dromedary and the lynx, are indicated 
on the floor plan. Also there are some ambiguities, for example because there are four rooms for 
dogs. Be this as it may, the list, including both fully terrestrial mammals and those that are semi- 
aquatic, amounts to no more than fifty pairs. That obviously does not account for the full diversity 
of mammals, even from the biota known to him at the time, and it is interesting to see how he copes 
with that apparent difficulty. 

To begin, he explicitly excludes certain animals on the basis of their being the product of a kind 
of hybridization. Although he notes that mules are sterile, this fact does not stand in his way. Thus 
he treats the giraffe as a cross between a camel and a leopard. He duly notes the etymology: camelus 
[camel] and pardus [panther], giving camelopardus [camelopard] (p. 68). By the same token, leop- 
ardus [leopard] is a cross between /eo [lion] and pardus |again, panther]. He gives several other 
examples. The etymology reflects his notions about the relationship between language and the plan 
of creation. The folk terminology was not viewed as metaphor or figure of speech, but as a mani- 
festation of underlying reality. Combining terms means combining essences. So the hybridity could 
be established without recourse to observation. The combinations of words confirmed the combi- 
nation of the organisms. For Kircher, combinatorics was a fundamental technique for working out 
the possible configurations of nature. According to his approach, every natural object is represent- 
ed by a term. The rules by which terms are to be combined are anything but accidental. Rather they 
reflect, more or less perfectly, the original language of God. As any term represents part of the cre- 
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ation, the grammar for combining terms must parallel the systematics of the natural objects desig- 
nated by the terms. Creation was nothing other than the expression of syllables of which the terms 
are formed, so that the words are the primary realities. Natural objects are therefore ordered accord- 
ing to the grammar that determines how the words are used. Thus the rules that permit identifica- 
tion of how the terms are combined are essential for understanding the systematics of nature. 
Combinatorics crops up again in his discussion of the groups of animals that are considered edible 
or not according to the Jewish dietary rules (pp. 99-100). 

Kircher was also able to increase the amount of biotic diversity after the flood on the basis of 
the animals becoming modified by environmental conditions (pp. 94-97). This capacity was divine- 
ly ordained. He suggested that when animals move into colder or warmer climates they can be 
transformed to a considerable extent. Thus, deer become reindeer. Kircher was familiar with some 
of the creatures that were being discovered in the New World, and were only beginning to be 
described in the scientific literature. He treats armadillos, which were present in the collections of 
the museum that he supervised in Rome, as of doubtful presence on the Ark. They seemed to be a 
combination of the turtle and the porcupine [hystrix] (p. 69). The Australian fauna was as yet 
unknown. How the mammals dispersed to the remote parts of the world after the deluge was a bit 
of a problem (195-196). The notion that the flood was not universal would have allowed for refu- 
gia, but it had already been condemned as heretical. Kircher therefore suggested land bridges, island 
hopping, swimming, and human agency as mechanisms. 

The “lower” animals were taken care of by means of spontaneous generation. This maneuver 
seems a bit forced, since the biblical account refers to “every creeping thing” having been on the 
Ark (Genesis 6:20, 7:14, 8:17, 8:19). Since antiquity it had been generally taken for granted that 
insects and other small animals can arise from mud or decaying flesh. This notion had been sanc- 
tioned by Aristotle, and was taught in the medical curriculum at the time. Kircher’s book Mundus 
Subterraneus |The Subterranean World| (Kircher 1665) discusses a range of natural history topics 
including geology, hydrography, mineralogy, toxicology, metallurgy, zoology and botany. The bio- 
logical passages of interest to us (in Book 12) begin with a discussion of “panspermia” or the uni- 
versal seed of nature that gives rise to minerals, plants and animals. From an alchemical point of 
view that makes a great deal of sense (Rowland 2004). Kircher seems to have repudiated much of 
alchemy however. What matters is the claim that animals could be produced from non-living mate- 
rials, such as excrement and rotting cadavers. Kircher gives quite a number of putative examples. 

Kircher drew fire from a follower of Galileo, Francesco Redi (1626-1697) (Belloni 1981; 
Findlen 1993). Redi was physician to the Grand Dukes of Tuscany and an important figure at court. 
Galileo (1564-1642) himself had been condemned for heresy in April of 1633, but his scientific 
ideals were not extinguished and they were influential among naturalists (Freedberg 2002). Of 
course the solar system as presented in the Jesuit’s Mundus Subterraneus has the earth at the cen- 
ter. Redi published an essay on snakes entitled Osservazioni intorno alle Vipere [Observations on 
Vipers| in 1664, which Kircher criticized. Redi responded in an essay of 1671 entitled Esperienze 
intorno a diverse Cose naturali e particolarmente a quelle che ci sono portate dell’Indie, scritta in 
una lettera al padre Atanasio Circher della Compagnia di Gesu [Experiments on various Natural 
Objects, in particular on those which have been brought from the Indies, written in a Letter to 
Father Athanasius Kircher, S.J.). 

More importantly, Redi published his Experienze intorno alla Generazione degl’Insetti 
[Experiments on the Generation of Insects] in 1668, i.e., after the publication of Mundus 
Subterraneus but before that of Arca Noé. In that publication, Redi reported his experiments and 
observations that seriously challenged the notion of spontaneous generation. Redi’s observations 
and simple experiments showed that the maggots that appear on meat and other non-living materi- 
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als are produced from eggs that are laid by flies. No maggots appeared in the food when the flies 
and their young larvae could not get access to it. More than one species of fly was involved, and 
they reproduced sexually. Kircher had claimed that living flies are produced from the bodies of dead 
flies, but Redi rejected his experiments purporting to show that. He repeated Kircher’s experiments 
purporting to show that insects arise spontaneously from manure but ran the control of keeping 
some of it closed off, and the insects failed to appear. Redi had a good microscope for his day, and 
used it. For example, he found that scorpions that Kitcher said were spontaneously generated actu- 
ally were the offspring of a viviparous scorpion. As was customary among scientists in his day, Redi 
discussed the relevant literature going back to classical antiquity. He argued that accounts of spon- 
taneous generation were fables. In Arca Noé, Kitcher responded that his own observations were 
indeed valid. Conceding that point, of course, would have destroyed his whole argument. In a later 
work, Osservazioni intorno agli Animali viventi che si trovano negli Animali Viventi [Observations 
on Living Animals that are Found in Living Animals] (1684), Redi provided further experimental 
evidence. In addition, he showed that parasitic worms reproduce just like other animals, and this 
was a major advance in our understanding of parasites. The possibility of spontaneous generation 
under certain conditions was not excluded however, and Redi thought that gall insects are produced 
by the plants that form the galls. 

The notion that the experiments of Redi, Spallanzani, and even Pasteur provided decisive evi- 
dence against spontaneous generation has been discredited by historians (Farley 1977). Nonetheless 
it seems quite obvious that Kircher and Redi represented two quite different attitudes toward knowI- 
edge. Kircher derived his natural history from privileged assumptions about the influence of God. 
The order of nature is the divine order. More importantly, the creation as a whole derived from the 
expiration of God, in Catholic iconography depicted as a bird flying over all things and inspiring 
every spirit. (see Fig. 1) The impulse of such expiration set them into being, and is effective in 
things as they still exist. Therefore everything is alive, for God is in everything. 

Redi was more down to earth. For him the creation is just the entities that exist, something to 
be observed, dissected, and described. In addition to an ontological difference between them, there 
was also an epistemological one. Kircher’s works have scientific content, but what he was writing 
about might better be called “illustrated metaphysics.” Observation showed that things are as they 
should be. Knowledge was fundamentally ahistorical: what had been there all along simply had to 
be uncovered. Redi on the other hand was concerned with the truth or falsehood of the assumptions 
that were being made. The data of experience disconfirmed what had been expected and suggested 
alternatives. As a result, new conceptions of the world came into being, and knowledge was trans- 
formed. Science was fundamentally historical: it evolves. 

The difference between the two attitudes is profound, and there is no way to reconcile them. 
The goals of rationalization are incompatible with those of rationality. Kircher carried his style of 
research about as far as it could go, which was to the point of collapse. With the passage of time, 
the kind of attitude that he represents became less and less respectable among scientists. By no 
means has it been abandoned altogether. Indeed, our own research on the history of German science 
in the early nineteenth century has laid bare the influence of occult metaphysics, including alche- 
my and numerology, on comparative anatomy and systematic biology (Ghiselin 2000; Breidbach 
and Ghiselin 2002). It would seem that the writings of Kircher were a major source of inspiration 
for such Naturphilosophie. Later in the nineteenth century, Darwin’s discovery of natural selection 
showed that the apparent design in nature can be explained without recourse to the supernatural. 
More generally, however, it discredited any such effort to base scientific inference on supposedly 
privileged insight into the nature of the Deity (Ghiselin 2005). Not everybody was willing to accept 
that of course. 
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Spontaneous generation was a major part of the nineteenth century debates about evolution, in 
which religion, of course, played a major role (Farley 1977; Strick 2000). One reason why Louis 
Pasteur was so anxious to refute it was that spontaneous generation played a major role in the evo- 
lutionary philosophy of Lamarck and was, therefore, a threat to society. On the other hand, Pasteur’s 
opponent, Felix Pouchet, maintained that spontaneous generation would help to explain how life 
had been created anew after universal catastrophes, which the paleontologist Georges Cuvier had 
invoked to explain discontinuities in the fossil record. Cuvier had treated the Noachian deluge as 
the last of these catastrophes. In England, Darwin’s opponent, Richard Owen, advocated a version 
of evolution guided by divinely ordained laws of nature, with life arising spontaneously from non- 
living matter. On the other hand, Darwin and most of his supporters were opposed to spontaneous 
generation. It took a while to recast the issues in terms of biochemical evolution and for it to be gen- 
erally understood that the old conceptions of origins were misguided. The archaic way of thinking, 
of course, has not fully died out, but at least scientists have better ways to spend their time than by 
fitting thousands of pairs of mammals and hundreds of thousands of pairs of insects into a few cubic 
cubits. 


ACKNOWLEDGMENTS 


We thank Maurizio di Bartolo for help with the archaic Italian. 


REFERENCES 


BELLONI, L. 1981. Redi, Francesco. Pages 341-343 in C.C. Gillispie, ed., Dictionary of Scientific Biography, 
vol. 11. Charles Scribner’s Sons, New York, New York, USA. 

BREIDBACH, O. 2004. Die letzten Kabbalisten, die neue Wissenschaft und ihre Ordnung. Bemerkungen zu den 
Traditionslinien bio- und neurowissenschaftlicher Forschung. Pages 63-76 in Rudolph Seising, Menso 
Folkerts, and Ulf Hashagen, eds., Form Zahl, Ordnung. Studien zur Wissenschafts- und Technkigeschichte. 
Franz Steiner Verlag, Place, Germany. 

BREIDBACH, O. 2005. On the representation of knowledge in Athanasius Kircher. Pages 63-76 in Helmar 
Schramm, Ludger Schwarte, and Jan Lanzardig, eds., Collection — Laboratory Theater. Scenes of 
Knowledge in the 17 Century, vol. 1. Walter de Gruyter, Berlin, Germany. 

BREIDBACH, O. 2006. Goethe's Metamorphosenlehre. Wilhelm Fink, Miinchen, Germany. 

BREIDBACH, O., AND M.T. GHISELIN. 2002. Lorenz Oken and Naturphilosophie in Jena, Paris and London. 
History and Philosophy of the Life Sciences 24:219-247. 

Eco, U. 1995. The Search for a Perfect Language. Blackwell, Oxford, UK. 

FARLEY, J. 1977. The Spontaneous Generation Controversy from Descartes to Oparin. The Johns Hopkins 
University Press, Baltimore, Maryland, USA. 

FINDLEN, P. 1993. Controlling the experiment: rhetoric, court patronage and the experimental method of 
Francesco Redi. History of Science 31:35-64. 

FINDLEN, P., ED. 2004. Athanasius Kircher: The Last Man Who Knew Everything. Routledge, New York, New 
York, USA. 

FREEDBERG, D. 2002. The Eye of the Lynx: Galileo, His Friends, and the Beginnings of Natural History. 
University of Chicago Press, Chicago, Illinois, USA. 

GHISELIN, M.T. 2000. The founders of morphology as alchemists. Pages 39-49 in M.T. Ghiselin and A.E. 
Leviton, eds., Cultures and Institutions of Natural History. Memoir 25, California Academy of Sciences, 
San Francisco, California, USA. 

GHISELIN, M.T. 2005. The Darwinian revolution as viewed by a philosophical biologist. Journal of the History 
of Biology 38:123-136. 

Gopwin, J. 1979. Athanasius Kircher: a Renaissance Man and the Quest for Lost Language. Thames and 
Hudson, London, UK. 


1002 PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Fourth Series, Volume 57, No. 36 


IpEL, M., R.C. KIENER, AND J. DAN, EDS. 1986. The Early Kabbalah. Paulist Press, Mahwah, New Jersey, USA. 

KiIRCHER, A. 1646. Ars magna lucis et umbrae in mundo, atque adeo universa natura, vires effectusque uti 
nova, ita varia novorum reconditiorumque speciminum exhibitione, ad varios mortalium usus, panduntur. 
Hermann Scheus, Rome, Italy. 

KiRCHER, A. 1652-54. Oedipus Aegyptiacus. Hoc est Universalis Hieroglyphicae Veterum Doctrinae tempo- 
rum iniuria abolitae Instauratio. Opus ex omni Orientalium doctrina & sapientia conditum, nec non big- 
inti diversarum linguarum, authoritate stabilitum. Typographica Vitalis Mascardi, Roma, Italy. 

KiRCHER, A. 1665. Mundus Subterraneus. Johannem Janssonium a Waesberge, Amstelodami [=Amsterdam, 
Netherlands]. 

KIRCHER, A. 1675. Arca Noé, in Tres Libros Digesta, quorum I. De Rebus quae ante Diluvium, II. De tis, quae 
ipso Diluvio ejusque Duratione, III. De iis, quae post Diluvium a Noémo Gesta Sunt, quae Omna Nova 
Methodo, nec non Summa Argumentorum varietate, explicantur, & demonstrantur. Johannem Janssonium 
a Waesberge, Amstelodami [=Amsterdam, Netherlands]. 

KIRCHER, A. 1679. Turris Babel, sive Archontologia. Janssonio Waesbergiana, Amsterdam, Netherlands. 

REpDI, F. 1664. Osservazioni intorno alle Vipere fatte da Francesco Redi Gentiluomo aretino, Accademico della 
Crusca, e da lui Scritte in una Lettera all’ Illustrissimo Signor Lorenzo Magalotti. Insegna della Stella, 
Firenze, Italy. 

RepI, F. 1668. Esperienze intorno alla Generazione degl’Insetti fatte da Francesco Redi, Gentiluomo Aretino 
e Accademico della Crusca, e da lui scritte in una Lettera all’Illustrissimo Signor Carlo Date. Insegna 
della Stella, Firenze, Italy. [Also somewhat abridged translation by M. Bigelow, 1909. Open Court, 
Chicago, Illinois, USA.] 

Repl, F. 1671. Esperienze intorno a Diverse Cose Naturali e particolarmente a quelle che ci son portate 
dall’Indie, Scritte in una Lettera al Padre Atanasio Circher della Compagnia di Gesu. Insegna della Stella, 
Firenze, Italy. 

Rept, F. 1684. Osservazioni intorno agli Animali Viventi che si Trovano Negli Animali Viventi. Pier Matini, 
Firenze, Italy. 

ROWLAND, I.D. 2004. Athanasius Kircher, Giordano Bruno, and the panspermia of the infinite universe. Pages 
191-205 in P. Findlen, ed., Athanasius Kircher: the Last Man Who Knew Everything, ed. P. Findlen. 
Routledge, New York, New York, USA. 

SCHMIDT-BIGGEMANN, W. 2001. Hermes Trismegistos, Isis und Osiris in Athanasius Kircher’s Oedipus 
Aegyptiacus. Archiv fiir Religionsgeschichte 3:37-88. 

STRICK, J.E. 2000. Sparks of Life: Darwinism and the Victorian Debates over Spontaneous Generation. 
Harvard University Press, Cambridge, Massachusetts, USA. 

YATES, F.A. 1964. Giordano Bruno and the Hermetic Tradition. University of Chicago Press, Chicago, USA. 

YATES, F.A. 1979. The Occult Philosophy in the Elizabethan Age. Routledge & Kegan Paul, London, UK. 


Copyright © 2006 by the California Academy of Sciences 
San Francisco, California, U.S.A. 


PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES 
Fourth Series 


Volume 57, No. 37, pp. 1003-1010, 6 figs. December 15, 2006 


Anatomy of an Invasion: Systematics and Distribution of the 
Introduced Opisthobranch Snail, Haminoea japonica Pilsbry, 
1895 (Gastropoda: Opisthobranchia: Haminoeidae) 


Terrence M. Gosliner and David W. Behrens 
California Academy Of Sciences, 875 Howard Street, San Francisco, CA 94103; 
Email: tgosliner@calacademy.org, dwbehrens @ comcast.net 


Haminoea japonica Pilsbry, 1895 is documented from the Pacific coast of North 
America and from European waters in Italy and northwestern Spain. Haminoea 
Japonica is a senior synonym of Haminceea callidegenita Gibson & Chia, 1989, which 
was originally described from the coast of Washington. Subsequently, it was report- 
ed from European waters as H. callidegenita. The present study examines material 
collected from San Francisco Bay and compares it with material collected from two 
localities in Japan. Anatomical similarities in the external anatomy, coloration, radu- 
la, jaw, gizzard and reproductive anatomy demonstrate that the specimens represent 
a single conspecific species. Haminoea japonica has priority over H. callidegenita. 


Haminoea callidegenita was first recorded from Lopez Island and Rock Point, Samish Bay 
both in Washington State (Gibson and Chia 1989). In the original description, it was noted that 
specimens had come from commercial, non-native oyster beds and that the species may be intro- 
duced. The authors completely described the anatomy of their new species and stated that their 
comparison with other described species of Haminoea did not find any species with similarly 
known anatomy. Their efforts were certainly hampered by incomplete anatomical information for 
many species, as the vast majority of Haminoeidae is known only from empty shells. Following the 
original description of this species, Alvarez et al. (1993b) recorded additional specimens from 
northwestern Spain and Venice, Italy. The opisthobranchs were associated with introduced Manila 
clams, Ruditapes philippinarum (Adams and Reeve, 1850). 

In September of 1999, as part of the initial surveys for the San Francisco Bay2K project of the 
California Academy of Sciences, field work was conducted at several localities within San 
Francisco Bay. During surveys at Brisbane Harbor just south of San Francisco, several specimens 
of a previously undetected species were detected. These were examined anatomically and compared 
with Gibson and Chia’s description of H. callidegenita. The specimens agreed with this species in 
all respects. From a search of the literature for other species from other geographical regions that 
might also resemble the present material, a publication of Habe (1952) included an illustration of 
the radula of what he called Haloa rotundata (A. Adams, 1850) that was similar to the present mate- 
rial. In subsequent works (Habe 1961; Hori 2000) there has been no reference to H. rotundata but 
rather the name Haloa japonica appears, It seems that Japanese authors now consider what Habe 
originally reported as H. rotundata to be H. japonica. Since that time, we have been able to secure 
material of this species from Japan to compare with specimens from San Francisco Bay. Early in 
2006, specimens from Japan had been collected and sent to us. The present work represents a com- 
parison of the anatomy of specimens from Japan with material from San Francisco Bay. 
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Haminoea japonica Pilsbry, 1895 


Haminea binotata var. japonica Pilsbry, 1895:185. 
?Haloa rotundata (A. Adams) Habe, 1952:149, text fig. 4, pl. 20, fig. 4, pl. 21, fig. 24. 
Haminoea callidegenita Gibson & Chia, 1989:914, figs. 1-8, syn. nov. 


MATERIAL EXAMINED.— CASIZ 066897, one specimen, dissected, rocky tide pools, Shinnase, 
Hayama, Sagami Bay, Japan, 4 June, 1970, F. Steiner. CASIZ 174123 , eight specimens, two dissected, from 
floating docks, Brisbane Marina, Brisbane, San Francisco Bay, 5 September 2000, T. Gosliner, R. Van Syoc, 
R. Mooi, M. Burke. CASIZ 174124, 18 specimens, one dissected, boat launch ramp, Lake Merritt Boat Club, 
Oakland, San Francisco Bay, California, 1 November, 2003, S. Behrens. CASIZ 172021, one specimen, 
Kotsubo, Sagami Bay, Japan, March 2005, Y. Sato. CASIZ 174125, 5 specimens, one dissected, intertidal 
zone, Hachijo Island, Japan, June 2004, H. Takasu. 

EXTERNAL ANATOMY.— The preserved specimens are up to 20 mm in length. In living speci- 
mens (Figs. 1A, B) the headshield is lobed and rounded anteriorly with elongate, rounded, deeply 
divided posterior lobes. The ground color is translucent white with scattered opaque white spots and 
a dense covering of dark brown spots that are most dense on the center of the headshield and on the 
short parapodia lobes, which partially envelop the yellowish, transparent shell. A posterior mantle 
lobe with brown and opaque white bands partially covers the posterior end of the shell. A long, 
rounded posterior end of the foot extends posteriorly from the shell. Through the transparent shell, 
the translucent white mantle is covered with large brown spots and scattered bright orange spots. 

DIGESTIVE SYSTEM ANATOMY.— The buccal mass is large and muscular. At the anterior end of 
the mass is a pair of chitinous jaws that bear a series of irregular, polygonal rodlets (Fig. 2). More 
posteroventrally, the radula is situated within the buccal mass. The radular formula is 22 x 14- 
16.1.14.16 (CASIZ 174123, Brisbane), 28 x 14-16.1.14-16 (CASIZ 174124, Lake Merritt), 23 x 
14-15.1.14-15 (CASIZ 174125, Hachijo Island) and 23 x 14-15.1.14-15 (CASIZ 066897, Sagami 
Bay). In all cases, the rachidian row bears teeth with a broad base that are tricuspid (Fig. 3) with 
relatively short lateral cusps. The inner lateral teeth (Fig. 3) are elongate with a large primary cusp 
and a single rounded denticle situated on the inner side of the primary cusp. The middle and outer 
lateral teeth (Fig. 4) are simple and elongate with an elongate cusp that is devoid of denticulation. 
The lateral teeth increase from the rachis to the middle of the half-row and decrease again towards 
the outer margin of the radula. Posterior to the buccal mass is the muscular gizzard that contains 
three large chitinous plates of equal size and symmetrical shape. Each plate is ornamented with 
11—12 v-shaped lateral ridges (Figs. 5A—D). Each ridge bears a series of numerous elongate spines 
(Figs. SE-F). 

REPRODUCTIVE ANATOMY.— The hermaphroditic reproductive system is monaulic. From the 
genital opening near the opening of the mantle cavity, an elongate sperm groove. The sperm groove 
continues anteriorly along the right side of the body to the opening of the penis. The penis (Fig. 6) 
consists of an oblong, glandular prostatic bulb followed that narrows into a muscular ejaculatory 
duct that is convoluted. The ejaculatory duct enters the elongate penial bulb, which is wide and 
elongate. The bulb is wide and has a muscular lining. Microscopic examination of two specimens 
(CASIZ 174123, Brisbane and CASIZ 066897, Sagami Bay, Japan) by means of staining and clear- 
ing of the specimens revealed the ejaculatory duct and penial bulb entirely lack any spines. The lin- 
ing of the ejaculatory duct is ciliated but unarmed. The base of the penis lacks a distinct penial 
papilla. 


DISCUSSION 


Haminoea is considered to include about 70 species, most of which are known only from char- 
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Ficure 1. Living animal A, CASIZ 174123 from Brisbane, San Francisco Bay, photo by T. Gosliner. B. CASIZ 172021, 
Sagami Bay, Japan, photo by Yukari Sato. 


acteristics of the shell (Rudman 1971). Since Rudman’s review, at least four additional species have 
been named (Talavera et al. 1987; Gibson and Chia 1989: Garcia et al. 1991: Alvarez et al. 1993a). 

Haminoea binotata var. japonica was described by Pilsbry (1895) from a single specimen col- 
lected from Nemoto, Boshiu, Japan. Nemoto is situated at the southern tip of the Boso Peninsula 
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FiGuRE 2. Jaw rodlets. A. CASIZ 174124, Lake Merritt, San Francisco Bay; scale bar = 3um. B. CASIZ 174125, 
Hachijo Island, Japan; scale bar = 24m. C. CASIZ 066897, Sagami Bay, Japan; scale bar = 10um. 
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FiGurRE 3. Central portion of radula. A. CASIZ 174123, Brisbane; scale bar = 10um. B. CASIZ 174124, Lake Merritt; 
scale bar = 20um. C. CASIZ 174125, Hachijo Island; scale bar = 10um. D. CASIZ 066897, Sagami Bay; scale bar = 101m. 


: \y . 2 = 


GOSLINER AND BEHRENS: ANATOMY OF AN INVASION 1007 


a S| Ee \ RUSSERT ON 


FiGuRE 4. Outer lateral teeth. A. CASIZ 174123, Lake Merritt; scale bar=20um. B. CASIZ 174125, Hachijo Island; 
scale bar = 10um. C. CASIZ 066897, Sagami Bay; scale bar = 10um. 


that forms the eastern boundary of Sagami Bay. The specimen was not illustrated, but was described 
as smaller, more fragile and with a more swollen shell with a thinner collumellar callus than the typ- 
ical H. binotata. Habe (1952) considered this variety as a synonym of H. binotata, but later (1961) 
considered it as a distinct species. Habe (1952, pl. 21, fig. 24) depicted the radula of what he called 
Haloa rotundata (A. Adams, 1850). This species has a tricuspid rachidian tooth with an inner lat- 
eral tooth bearing a single denticle on the inside of the primary cusp. In subsequent works, Habe 
and other subsequent Japanese workers refer only to Haloa japonica but not to H. rotundata. 
Although, we were unable to find any specific reference to this exclusion of H. rotundata and usage 
of H. japonica, it appears that this was based on the recognition of the Japanese specimens as being 
distinct from H. rotundata, originally described from the Philippines. The name Haloa japonica has 
remained in common usage in Japanese malacological catalogs to the present (Hori 2000). 

Pilsbry (1920) divided the genus Haminoea into three sections, Haminoea, Haloa and Liloa 
based on conchological differences. Habe (1952) stated that a distinguishing feature of Haloa was 
the presence of a denticle on the inner side of the inner lateral tooth, based on his examination of 
H. rotundata (probably = H. japonica, see above), Rudman (1971) noted that the type species of 
Haloa, H. crocata (Pease, 1868), lacks this characteristic of the inner lateral tooth. Rudman also 
noted that he could not discern any of the conchological distinctions noted by Pilsbry and united 
these taxa under Haminoea. This synonymy has been ignored by some subsequent workers (see 
Hori 2000). 

The description of Haminoea callidegenita Gibson and Chia, 1989 represents the first detailed 
description of a new species of Haminoea recorded from the Pacific coast of North America. This 
species is clearly distinct from the two other valid species found in the temperate eastern Pacific, 
Haminoea vesicula Gould, 1855 and H. virescens Sowerby, 1833 (Gibson and Chia 1989). 
Externally, H. callidegenita has deeply divided posterior lobes of the headshield while those of the 
other two species are only shallowly notched. Gibson and Chia also noted significant radular and 
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——— Jee ae We X Bad . . 
FIGURE 5 Gizzard plates. A. Gizzard plate, CASIZ 174123, Brisbane; scale bar = 100m. B. Gizzard plate, CASIZ 
174124, Lake Merritt; scale bar = 100um. C. Gizzard plate, CASIZ 174125, Hachijo Island; scale bar = 30um. D. Gizzard 
plate, CASIZ 066897, Sagami Bay; scale bar = 30um. E. Ridge ornamentation, CASIZ 174124, Lake Merritt; scale bar = 
3uum. F. Ridge ornamentation, CASIZ 174125, Hachijo Island; scale bar = 2um. 


penial differences among the three species. The inner lateral teeth of H. callidegenita have a single 
rounded denticle on the inside of the primary cusp, while those of H. virescens and H. vesicula are 
either smooth or denticulate (with many denticles). The penial morphology also differs and H. cal- 
lidegenita is unique among the three in having a single elongate prostate, while that of H. vesicula 
has a bilobed prostate and that of H. virescens has a spherical prostate with a much thicker penial 
bulb. 

The anatomy of H. callidegenita from Europe (Alvarez et al. 1993b) closely matches that of 
Gibson and Chia’s and there is little doubt that this represents the same species. The likelihood that 
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the same species was found in 
Washington State and in two 
localities in Europe in association 
with Japanese shellfish culture 
prompted us to compare speci- 
mens of H. callidegenita with 
species known from Japan. The 
discovery of specimens of H. cal- 
lidegenita from San Francisco 
Bay provided that opportunity. 
As stated previously, Habe’s 
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2 aris = eal : FIGURE 6. Penial morphology. A. CASIZ 174123, Brisbane. B. CASIZ 
(1952) depiction of the radula of 174124, Lake Merritt. C. CASIZ 066897, Sagami Bay, Japan. D. CAS 174125. 
what he called H. rotundata Hachijo Island, Japan. Key: p = penial bulb; pr = prostate. 


(probably H. japonica) closely 

matched that of H. callidegenita. More importantly, of the approximately 15 species of Haminoea 
whose radular morphology is described, only Habe’s animal and H. callidegenita are known to pos- 
sess an inner lateral tooth with a single denticle present inside the primary cusp. Two other 
described species of Haminoea have a prostate and penial shape similar to the present material from 
California and Japan. In H. linda Marcus & Burch, 1965, the prostate is oblong as in H. japonica, 
but the ejaculatory duct bears small spines within its lining that are absent in H. japonica (Marcus 
& Burch, 1965). In H. solitaria (Say, 1822), the prostate is oblong but the base of the penial bulb 
is armed with spines (Marcus 1972). 

Gibson and Chia (1989) noted that the eggs of Haminoea callidegenita were yellow in color, 
approximately 230 um in diameter and produced both lecithotrophic and direct developing individ- 
uals from the same egg mass. Ito (1997) described aspects of the developmental biology of Haloa 
Japonica from Japanese populations. He noted that the egg masses contained yellow eggs that 
ranged in diameter between 259-289 um and developed into lecithotrophic veligers. There are great 
similarities in that both have yellow eggs of similar sizes that undergo lecithotrophic development 
and in the case of the specimens from Washington also include some direct developing individuals. 
The vast majority of species of Haminoea that have been studied have planktotrophic development 
and have eggs that are white in color (present study). Thus, specimens of H. callidegenita and H. 
japonica have similar life histories and developmental characteristics that are unusual for members 
of Haminoea. 

With the acquisition of specimens of H. japonica from Japan, it was possible to make detailed 
anatomical comparisons between North American and Japanese specimens. The fact that two of 
these specimens were collected from Sagami Bay, very close to the type locality of H. japonica, 
further increases the likelihood that they are conspecific with Pilsbry’s poorly described species. All 
of the anatomical features examined are in complete accord and there is no doubt that the two 
species are conspecific with H. japonica having priority over H. callidegenita. Haminoea callide- 
genita is therefore regarded as a junior synonym of H. japonica. Thus, it appears that H. japonica 
has been introduced to the Pacific coast of North America and to Europe with the introduction of 
Japanese oysters and clams for maricultural purposes. 
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Synchronous Flowering and Monocarpy Suggest Plietesial Life 
History for Neotropical Stenostephanus chiapensis (Acanthaceae) 


Thomas F. Daniel 
Department of Botany, California Academy of Sciences, 875 Howard Street, 
San Francisco, CA 94103; Email: tdaniel@ calacademy.org 


A plietesial life history has long been noted for certain species among unrelated families of 
flowering plants including Poaceae, Arecaceae, Scrophulariaceae, Fabaceae, Apocynaceae, and 
Acanthaceae (e.g., Fuller 1925; van Steenis 1942; Janzen 1976; Young and Augspurger 1991). 
Bremekamp (1944:20) used the term plietesial in reference to perennial monocarpic plants “of the 
kind most often met with in the Strobilanthinae” (a subtribe of Acanthaceae containing 
Strobilanthes and allied genera) that usually grow gregariously, flower simultaneously following an 
interval of several years, set seed, and die. A similar life history is especially well known and doc- 
umented among certain bamboos (see Janzen 1976). In plietesials, the seed crop typically germi- 
nates simultaneously shortly following the mass death of the parental plants and initiates a new 
cycle with the same periodicity (e.g., van Stennis 1978). Other commonly used expressions that 
apply to part or all of the plietesial life history include: gregarious flowering, mast seeding, and 
supra-annual synchronized semelparity (semelparity = monocarpy). 

Species in at least five genera of Old World Acanthaceae have been reported as plietesials: 
Acanthopale C.B. Clarke (Bergsdorf 2006), Aechmanthera Nees (Biswas 1975; Garbyal 2000), 
Stenosiphonium Nees (Carine 1997; Carine and Scotland 2000), Strobilanthes Blume (e.g., van 
Steenis 1942, 1985; Wood 1994), Mimulopsis Schweinf. (Dale and Greenway 1961; Tweedie 1965), 
and /soglossa Oerst. (Tweedie 1965; van Steenis 1978). Strobilanthes is the largest genus among 
these with estimates of 300-500 species. Although more species of Strobilanthes have been report- 
ed as plietesials than in any other genus of Acanthaceae, the total number of plietesial species of 
Strobilanthes remains unknown. Bremekamp (1944) greatly overestimated their number (cf. Wood 
1994). Several species of the genus are reasonably well documented as plietesial (i.e., S. accrescens 
J.R.I. Wood, S. asymmetrica J.R.1. Wood & J.R. Benn., S. callosa Nees, S. cernua Blume, S. dian- 
dra (Nees) Alston, S. divaricata (Nees) T. Anders., S. echinata Nees, S. extensa (Nees) Nees, S. 
helicta T. Anders., S. ixiocephala Benth., S. kunthiana (Nees) T. Anders., $. maculata (Wall.) Nees, 
S. pulcherrima T. Anders., S. sexennis Nees, S. thomsonii T. Anders., and S. wallichii Nees (Janzen 
1976: Wood 1994, 1998; Bennett and Hansen 2000; Wood et al. 2003), and anecdotal or indirect 
evidence suggests that numerous others are likely plietesial as well (e.g., Trimen 1895; van Steenis 
1942: Scotland 1998; Garbyal 2000; Carine et al. 2000). 

Bremekamp (1944) noted considerable variation in life history for Strobilanthes. Wood (1994) 
provided an insightful summary of mass-flowering and the various forms of this phenomenon 
known in the genus. Most known plietesial Strobilanthes take between 10 and 15 years (usually 12: 
although reports of 5 to 9 year cycles also have been made, e.g., van Steenis 1972) to flower gre- 
gariously, set seed, and die. The flowering periodicity in all individuals is rarely 100%, with the 
result that flowering of rare individuals in non-mass-flowering years is not uncommon. In some 
species, mass flowering occurs over a wide area on a species-specific cycle; in other species, pop- 
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ulations in different regions follow their own cycles. Some species flower gregariously in certain 
years but do not die following the mass flowering, and are therefore not plietesial. At least one 
species exhibits different flowering patterns in different portions of its range. The perennial 
Strobilanthes wallichii flowers annually in the eastern Himalayan portion of its range and plietesial- 
ly in the western Himalayan portion (Wood 1994). Literature reports of life history for some taxa 
are ambiguous. For example, Robinson (1935) noted a 12 year plietesial cycle for S$. consanguineus 
C.B. Clarke whereas Bowden (1950) indicated that this species flowers every year. Such discrepen- 
cies likely result either from misidentifications of or life history variations within taxa. 

Like Strobilanthes, both Aechmanthera and Stenosiphonium pertain to tribe Ruellieae subtribe 
Strobilanthinae; indeed, representatives of both of the latter genera are nested among species of 
Strobilanthes s.1. in phylogenetic analyses (Moylan et al. 2004), which suggests that they may not 
be distinct from it. Bremekamp (1944) accepted two (although he suggested that there were proba- 
bly three) species of Aechmanthera. Biswas (1975) indicated that A. gossypina (Nees) Nees flow- 
ers gregariously every 12 years and sporadically nearly every year. Garbyal (2000) noted that this 
species occurs in India above 1000 m, flowers at 12 year intervals, and dies following fruiting. 
Garbyal (2000) also indicated that the subsequent generation does not appear above ground for the 
next two years, but is evident above ground from the third year onwards. As currently treated, 
Stenosiphonium consists of three species restricted to southern India and Sri Lanka (Carine and 
Scotland 2000). At least one species, S$. wightii Bremek., is plietesial with a 13 year cycle. There is 
considerable evidence that the other two species, S. cordifolium (Vahl) Alston and S. setosum T. 
Anders., are likely plietesial as well (Bowden 1950; Carine and Scotland 2000). 

Mimulopsis consists of about 20 species from tropical Africa and Madagascar. Although the 
genus belongs to Ruellieae, it has yet to be placed in a subtribe by phylogenetic analyses, but it 
would not appear to pertain to Strobilanthinae as that subtribe is delimited (e.g., Moylan et al. 
2004). Tweedie (1965) noted a 9 year interval of mass flowering at high elevations (over 2000 m) 
in eastern Africa for M. solmsii Schweinf. followed by death of the plants and subsequent germina- 
tion and establishment of seeds. Very rare occurrences of flowering of individuals between mass 
flowerings, as commonly noted for Strobilanthes, were also recorded. Tweedie (1965) also indicat- 
ed probable similar life history traits for two other east African species (M. cf. glandulosa (Lindau) 
Bullock and M. arborescens C.B. Clarke). Dale and Greenway (1961) indicated that M. glandulosa 
flowers on a three to four year cycle. 

Like Mimulopsis, Acanthopale remains unplaced in Ruellieae, but does not pertain to 
Strobilanthinae (Moylan et al. 2004). The genus consists of at least six species from tropical Africa. 
Bergsdorf (2006) noted that A. pubescens (Lindau ex Engl.) C.B. Clarke, a species of moist mon- 
tane forests at 1655 to 2790 meters elevation, has a mass flowering one or more times per decade 
followed by synchronous die-off of the entire population. The mass flowering lasts for about four 
weeks and capsules are apparent about four to six weeks following fertilization. 

lsoglossa pertains to tribe Justicieae subtribe Isoglossinae, and consists of about 50 species 
occurring in Africa, Arabia, and Madagascar (Kiel et al. 2006). Van Steenis (1978) noted that J. cil- 
iata (Nees) Lindau was purported to flower every 10 years and that 1. woodii was purported to 
flower with intervals of about seven years. Tweedie (1965) noted probable gregarious flowering for 
other species of the genus that occur at high elevations (over 2000 m) in eastern Africa. 

None of these genera from the Old World occur naturally in the New World, and a plietesial 
life history has not been reported for any native species of Acanthaceae from the Western 
Hemisphere. Wood (1988) noted that species of Colombian Stenostephanus Nees (as Habracanthus 
Nees) flower only at irregular intervals and for a short time. In correspondence and discussions 
Wood suggested to me that some species of Stenostephanus might be plietesial. His hypothesis was 
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based on the following observations to which I have appended other pertinent information and ref- 
erences: 


1. Stenostephanus (at least in Colombia) is difficult to find, and plants that are located tend to be sterile 
or only sparsely flowering. Wood (in /itt.) noted that for several Colombian species he observed, he “could find 
one or two rather miserable flowering shoots in large sterile colonies.” Similar observations have been made 
for plietesial species of Strobilanthes and Mimulopsis (see above) for which in non-flowering years a thorough 
search may locate the odd plant in flower. 

2. Both Srenostephanus and Strobilanthes occupy similar habitats. Stenostephanus usually occurs at rela- 
tively high elevations (above 1,000 m) in regions of cloud forest, where plants tend to occur along streams, 
near springs, or in wet ground (Wood 1988; Daniel 1999). Many species of Strobilanthes occur in similar 
regions of southern Asia (e.g., van Steenis 1942; Wood 1994). 

3. Plietesial flowering is known in African /soglossa. Isoglossa has pollen similar to that of 
Stenostephanus (cf. Hansen 1985; Daniel 1999) and often occupies habitats in Africa (cf. Clarke 1900; Tweedie 
1965) similar to those of Stenostephanus in America and Strobilanthes in Asia. Recent studies of generic rela- 
tionships based on molecular sequence data (McDade et al. 2000; Kiel et al. 2006) have confirmed a close phy- 
logenetic relationship between /soglossa and Stenostephanus; both belong to the Isoglossinae clade of 
Justicieae. 


I was intrigued by Wood’s hypothesis and by the fact that plants of a Mexican Stenostephanus 
growing in San Francisco (see below) had flourished vegetatively, but had not flowered for sever- 
al years following their germination. Over the past 28 years I have grown more than 150 species of 
Acanthaceae representing all of the major lineages of the family. All of them (even large, woody 
genera such as Louteridium S. Wats.) have flowered within a year of germination. Failure of healthy 
plants of Stenostephanus chiapensis T.F. Daniel to flower seemed uncharacteristic of acanthaceous 
plants. As a result, I indicated (Daniel 1999) that the possibility of gregarious flowering should be 
considered for this species. 

In 1991, Dennis Breedlove collected herbarium specimens (Breedlove & Burns 72688 at CAS) 
and seeds of S. chiapensis in southeastern Chiapas, Mexico. The seeds were subsequently germi- 
nated in a greenhouse in San Francisco, and plants were transferred to out-of-doors locations in the 
San Francisco Botanical Garden (then Strybing Arboretum) and to my home garden in another part 
of the city. By 1993, all plants had reached | m in height and were thriving in the cloud forest-like 
climate of San Francisco. Plants at both locations received supplemental watering during the 
region’s dry season (May—November). By 1997, the plant in my garden (Daniel s.n., CAS 975153) 
had grown to 2.5 meters in height while three plants at the Botanical Garden had grown to between 
1 and 2.5 meters. None of the individuals had flowered. When I relocated to a different part of San 
Francisco in 1999, I took a stem cutting from the plant in my garden and rooted it in the very sandy 
soil of the garden at my new residence. Over the next few years, this plant became established, but 
did not grow particularly well; it attained a height of only four decimeters. It was likely less healthy 
due to less favorable growing conditions (e.g., sandy soil, gopher activity, crowding). In March of 
2003, all three plants (grown in two separate beds) at the San Francisco Botanical Garden came into 
flower for the first time (Daniel s.n., CAS 1032071), as did the small plant grown from a cutting in 
my garden. All plants flowered continuously from March 2003 through May 2004. Abundant flow- 
ering (with 25 or more flowers present on the large plants in the San Francisco Botanical Garden) 
occurred in April-June 2003, followed by a waning of flowering in July-November (by late 
October, only a few sporadic flowers were produced). A major resurgence of flowering began in 
December 2003 with the onset of San Francisco’s winter rains. In June 2004, leaves dropped from 
all plants, stems began to turn brown and wither, and few new flowers were produced on plants at 
the San Francisco Botanical Garden. The small plant in my garden died completely in June 2004. 
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By the end of July, all three plants at the Botanical Garden were also dead (Fig. 1). There was nei- 
ther regrowth from the base of these plants nor evidence of seedlings in the immediate vicinity dur- 
ing the next 18 months. 

It is significant that a rooted cutting taken from a large plant and planted at a different site flow- 
ered at the same time as other individuals from the same seed source. Indeed, Janzen (1976) noted 
that transplants of Strobilanthes flowered in time with the populations from which they had been 
removed. 

Observations of fresh flowers allows for a more complete characterization of floral coloration 
in S. chiapensis than previously available based on herbarium specimens (e.g., Daniel 1999). The 
corolla (Fig. 1) is bi-colored with the ventral portion of the tube and throat yellow; the lateral and 
dorsal portions of the tube red; the lateral portions of the throat alternating red, yellow, and red; the 
dorsal portion of the throat either prominently yellow or mostly red with yellow toward the upper 
lip; and the limb (1.e., upper lip) yellow outlined with red around the margin. The staminal fila- 
ments, anthers, and style are also red. 

During the period that plants had flowers, some capsules were observed to be present on all 
plants. These had resulted from either autogamy or pollination by local floral visitors (none of 
which were observed; hummingbirds and bees were common in both gardens). Several flowers 
were artificially self-pollinated, which resulted in capsule formation. Thus, like most other 
Acanthaceae tested (Daniel 1993 and unpublished data) S. chiapensis is self-compatible. 

The following conclusions can be made based on these observations of cultivated plants 

grown from seed from a single population ) of S$. chiapensis: 1) plants have delayed (12 years here- 

in) flowering, 2) flowering is synchronous, 3) the flowering period persists for 14-16 months, 4) 
plants are self-compatible (although fertility of resulting seeds was not determined), and 5) plants 
are monocarpic. These observations appear to provide some evidence for Wood’s hypothesis that 
some species of Stenostephanus are likely plietesial. Because only a single interval of 12 years was 
observed (from germination to flowering), additional studies are needed to further establish the 
existence and interval of plietesial flowering in this and other species of Stenostephanus. 

During my studies of Mexican and Central American Stenostephanus in both the field and 
herbarium, it became apparent that some species were collected often (e.g., $. haematodes (Schltdl.) 
T.F. Daniel, S. silvaticus (Nees) T.F. Daniel) whereas others were not (e.g., S. chiapensis, S. taca- 
nensis (Acosta & R. Fernandez) T.F. Daniel). Based on specimens from Costa Rica in several 
herbaria (CAS, F, GH, MO, NY, US), S. silvaticus has been collected with flowers and/or fruits in 
1895, 1898-99, 1922-24, 1926, 1931, 1933, 1936-38, 1940, 1947, 1960, 1969, 1970-72, 1974-78, 
1982-90, and 1992. Such a pattern suggests annual flowering of the species in Costa Rica. The six 
known collections of Stenostephanus chiapensis have been collected in Chiapas during 1896, 
1972-73, and 1990-91. Because the flowering period persists for up to 16 months in cultivated 
plants of S. chiapensis, the 1972—73 and 1990-91 seasons can be assumed to represent single flow- 
ering episodes with an interval of about 17 years. Such variation (12 vs. 17 year intervals) suggests 
that if plants of S$. chiapensis are indeed plietesial, the intervals between mass-flowering might be 
irregular. Alternatively, some of the potential pitfalls (e.g., regional variations in flowering cycles 
and collection of rare, asynchronously flowering individuals) in using herbarium specimens to 
determine plietesial flowering and/or the duration of cycles were discussed by Bennett & Hansen 
(2000) and Carine and Scotland (2000). 

The distribution of Stenostephanus is restricted to the New World. Although it is related to the 
Old World genus /soglossa, which as noted above contains plietesial taxa, it appears more closely 
related to another paleotropical genus, Brachystephanus (Kiel et al. 2006). As in Stenostephanus, 
most species of Brachystephanus Nees (including Oreacanthus Benth.) are montane endemics that 
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FIGURE 1. (a) Flower of Stenostephanus chiapensis (corolla = 21 mm from base to tip of upper lip). (b) Dead plant of 
S. chiapensis (foreground) in August 2004 at the San Francisco Botanical Garden (plant height = 1.8 m). 


are known from few collections (fide D. Champluvier, unpublished monograph on Brachy- 
stephanus). Plietesial life histories should be sought among species of this and other genera of 
Isoglossinae. Irrespective of its presence elsewhere among Isoglossinae, a plietesial life history 
occurs in various lineages of Acanthaceae, and apparently in both Old World and New World rep- 
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resentatives of the family. Thus, this life history pattern would appear to have evolved multiple 
times among Acanthaceae. 

Although there is considerable literature on plietesial taxa (see Janzen 1976), various aspects 
(e.g., adaptive significance, genetic and physiological bases) of this life history pattern are not well 
understood. In his review and discussion focusing on plietesial bamboos (but also including infor- 
mation on Strobilanthes), Janzen (1976) provided insightful hypotheses on the possible evolution- 
ary origins of such plants. He attributed the ecological circumstance that would favor such a life 
history to satiation of seed predators, resulting in excess seeds during the primary portion of seed- 
ing distribution that would grow into the next generation of plants. Young and Augspurger (1991) 
briefly summarized some of the poorly understood genetic and physiological bases of semelparous 
plants, as well as theoretical models addressing the differential evolution of semelparous (mono- 
carpic) vs. iteroparous (polycarpic) plants. Janzen (1976) concluded that timing of reproduction in 
plietesials is set by an internal physiological calendar rather than by external weather cues. As noted 
above, the perennial species Strobilanthes wallichii flowers annually in the eastern Himalayan por- 
tion of its range and plietesially in the western Himalayan portion. Wood (1994) speculated that 
such variation in life history of a species and the occasional flowering of some individuals of pli- 
etesial species in non-mass-flowering years suggest that life history in Strobilanthes results from 
some complex interrelationship between genetics and environment. 

Irrespective of the factors that result in the origins or maintenance of plietesial taxa, this life 
history pattern is of considerable significance taxonomically and ecologically. Wood (1994) noted 
that plants of several plietesial species that flowered asynchronously were less vigorous (e.g., with 
smaller vegetative and floral organs), as if under some environmental stress. Character variation in 
such circumstances is without taxonomic basis and needs to be recognized as such. Additionally, 
because plietesial taxa may be rarely collected through time, this life history pattern may cause 
inaccurate assessments of the conservation status of those taxa (e.g., Stenosiphonium wightii, see 
Carine and Scotland 2000:112: Strobilanthes accrescens, see Wood 1994:196). 

Some of the topics that remain to be adequately studied among plietesial Acanthaceae include: 
1) identification of plietesial taxa, 2) determination of the length(s) of their life cycles, 3) the geo- 
graphic extent over which a taxon (or populations of a taxon) exhibits plietesial characteristics, 4) 
the genetic and/or environmental cues that result in plietesial characteristics, and 5) the ecological 
implications of this life history pattern (especially with respect to floral visitors, frugivores, herbi- 
vores, animals that otherwise use or exploit the plants, and other plants in the communities in 
which these species occur; cf. Bremekamp 1944:21). 
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